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lot long ago, during the last year, two inter- 
ional congresses held their meetings, the 
{physical Congress in Helsinki (July through 
(ust), and, soon after, the Geological Con- 
3s in Copenhagen (August through Septemben. 
as, there is some basis for raising at this 
}ture the question of what has been taking 

a/-e in geochemical research in other coun- 

Wis during the past several years. It must be 
membered that papers on geochemistry and 
ir discussion in international circles began 

afi the calling of symposia on geochemistry, 
erally within the framework of some sort of 
®rnational congress, for example the Geo- 
‘cal Congress and others. 


Che first international symposium on geo- 
mistry was held in Zurich (1953), the next 
Ying the 20th session of the Geological Con- 
ss in Mexico (1956). A section on geochemi- 
7 also functioned during this last session. In 
cow, in 1957, a symposium on the geochemi- 
7 of the rare elements was held on problems 
yetrogenesis. In addition, an international 
chemical symposium was organized in 

igary (Budapest) in October of 1959. A brief 
sting of geochemists was held during the 17th 
sion of the Congress on pure and applied 
mistry in Munich in 1959. At the session of 
» Geophysical Congress in Helsinki just com- 
-ed, geochemical problems were discussed 
‘the first time at specially organized sym- 
ia. Finally, at the 22nd session of the Geo- 
ical Congress in Copenhagen a geochemical 
posium on carbonates was held, and what is 
re important, a number of sections of the 
gress were concerned with geochemical 

vers: Section 1 (geochemical cycles), Section 
applied geochemistry), Section 3 (age of Pre- 
aternary formations), Section 9 (age of the 
scambrian), Section 15 (problems of the 

iesis of uranium and thorium ores). A num- 
- of other sections of the Congress were also 


‘Geokhimiya za rubezhom, (pp. 1-11). 

‘Paper presented at the general assembly of the 
ological and Geographical Sciences, Branch of the 
ademy of Sciences of the U.S.S.R., February 1, 
51. 


by 
A. P. Vinogradov 


GEOCHEMISTRY OUTSIDE THE U.S.S.R."2 


devoted in part to geochemical papers (on peg- 
matites and ore genesis). In other words the 
17th session of the Geological Congress was 
strongly impregnated with geochemical informa- 
tion. This is evidence of the broad development 
of geochemical research outside the U.S. S. R. 


The most significant development of geochemi- 
cal research has occurred in the U.S.A. Com- 
prehensive studies in many areas of the field of 
geochemistry are being systematically conducted 
in large institutes such as Carnegie and Scripps, 
the U.S. Geological Survey, a number of large 
universities — Harvard, Chicago, California, 
Pennsylvania, Stanford, Columbia (Lamont 
laboratory), and technological institutes includ- 
ing the California Institute of Technology and 
others. 


In Canada the universities of Toronto, British 
Columbiz, R. Mac Master and others have been 
active in this work. In Norway (Trondheim), 
Sweden, Switzerland (Bern), Japan and other 
countries geochemical research is being carried 
on in a similar manner primarily in the universi- 
ties, frequently by the professors holding the 
chairs of chemistry, physics and geology. Ina 
number of universities (for example, in Japan), 
the geochemists are trained in the faculties of 
chemistry. Along with geologists, physicists 
and chemists are becoming increasingly involved 
in geochemical research. A number of promin- 
ent western and American chemists and physi- 
cists are devoting full time to it. This explains 
the real depth being achieved in the work. During 
the last few years, along with the numerous 
articles in journals, in particular Geochimica et 
Cosmochimica Acta, many monographs and geo- 
physical handbooks have been published in 
foreign countries. Some that come to mind are 
the series "Physics and Chemistry of the Earth", 
vol. 1, 2, and 3, "Research in Geochemistry", 
Methods in Geochemistry" (Edit. Smales and 
Wager), "Lead Isotopes in Geology" (Russel and 
Farquhar), "Mineral Equilibrium at Low Tem- 
peratures and Pressures" (Garrels), "Origin of 
Granite in the Light of Esp. St." (Tuttle), and 
also the "Works" of the Geological Congress in 
Mexico in 1956 (geochemical section) which have 
just been published, and the Works of the two 
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Geneva conferences on the application of atomic 
energy for peaceful purposes, etc. 


During the last few years much new sub- 
stantive as well as methodologic material has 
come out in the field of geochemical research. 
For example, a simple and safe method of flame 
photometry has permitted the broadening of re- 
search in the geochemistry of alkalies and 
alkaline earth elements. An even bolder 
achievement has been the introduction of a 
spectral method of analysis to replace the long 
accepted chemical method. Thanks to analysis 
of induced radioactivaty, work never before 
possible has been done on the geochemistry of 
bismuth, antimony, tellurium, platinum and 
other elements. This method has also permitted 
the more precise determination of a number of 
other chemical elements, found generally in very 
small quantities. The mass spectrographic 
method has been firmly established in all geo- 
chemical laboratories. International standards 
have been set up for the qualitative analysis of 
many chemical elements. Semiquantitative 
spectral analysis has disappeared in the litera- 
ture for lack of usefulness. Isotope studies 
have left the sphere of the laboratory and have 
been successfully applied in geologic practice. 
The method of determining age by the carbon 
14 test has received wide application. A 
specialized periodical entitled Radiocarbon 
Supplement has even appeared. Research on the 
composition of matter under great pressures and 
temperature significantly has been intensified. 
This has resulted, as we will see later, in the 
development of a process for producing synthetic 
diamonds. 


The attention of researchers in geochemistry 
has been concentrated principally on traditional 
problems in fields such as the composition of 
matter within the core and mantle of the earth, 
the utilization of the behavior of isotopes of a 
number of light elements for the solution of geo- 
chemical problems, the age of geologic struc- 
tures, the geologic time scale, various geo- 
chemical processes, the geochemistry of rare 
elements including uranium and thorium, the 
Origin of metorites and many others. I shall 
briefly touch on each of these basic problems. 


In spite of lively discussions in symposia and 
journals on the origin of matter composing the 
earth, the stratification of its shell, etc., the 
examination of these questions rests upon our 
ignorance of the nature of the earth's mantle 
and the composition of its core. I do not wish to 
dwell upon models of the earth and other similar 
hypotheses which have been devised, though I 
do not deny their great scientific significance, 
but rather will deal only with the experimental 
side of the question. 


The solution to such quéstions lies in experi- 
menting with matter subjected to high pressures 
and temperatures. Technically, success was 


attained with very small volumes of matter un 
pressures up to 500, 000 bars and temperatur 
around 1500°. But the so called “working” pa 
meters which exist in a number of laboratorie 
lie between 50, 000 and 100, 000 bars at tempe 
tures around 1500°. This corresponds to the 
conditions of matter within the earth at a dep 
of 150 km; i.e. , the upper part of the mantle, 
Precisely this pressure and temperature char 
acterize the stability field of pyrope and dia- 
mond. 


In 1959, at the session of the Congress on 
pure and applied chemistry in Munich, Wentor 
demonstrated for the first time the whole tech 
que of obtaining diamonds artifically. Now the 
have been artificially produced in a number of 
countries. G. Yurey discovered diamond crys 
tals in a meteorite (achondrite Goalpara). Bac 
in 1888 M. Yerofeyev and P. Loginov found ad 
amond in achondrite lacking feldspar. Since 
meteorites are caused by a number of things 
(sic), in a weak graviational field it is possible 
that the formation of diamonds in them occurs 
at the moment of impact when pressure and tel 
perature is highest. Thus, for example, a ne 
modification of silica was discovered so-callet 
coesite, stable between 300 and 900° and 
14, 000 and 31, 000 bars, the conditions existin 
at a depth of about 50 to 100 km. It should be 
mentioned that the new modification of silica 
does not react with HF under normal condition 
In addition coesite was discovered in various 
(sic) Arizona meteorite craters. Obviously, 
impact such as occurred here could cause the 
formation of polymorphic varieties of silica. 
Polymorphic changes in matter, which occurre 
under high pressures and temperatures, were 
quite apparent from the excellent indicators of 
the condition of the mantle material, and thus 
research into the area of transmutation of min 
erals stable at high pressures and temperatur 
for example, spinel - olivine, enstatite - 
clinoenstatite, and pypore - cohenite, was 
initiated. 


compelled American researchers to set about 
obtaining this information by means of direct 
drilling in the crust (below the ocean) to the 
depth of the mantle material. Apparently a 
great deal is known about the organization of th 
work near Puerto Rico, on the bottom of the 
Atlantic Ocean and near the island of Guadelou 
and in the so-called Moho deep in the Pacific — 
Ocean, and thus I do not dwell on this. The . 


7 
Ignorance of the nature of the earth's manth 
‘ 
‘ 
i 


question of the genesis of the earth's crust ha 
raised no less interest. The theory that the 
formation of the earth's crust occurred by 
solidification from an ultimately gaseous state 
on which I myself have been repeatedly forced 
speak, was recognized by G. Urey, A. Ringwe 
and W. Rubey. It seems to me that the source 
the matter making up the earth's crust is the 
mantle (close in composition to achondrite) an¢ 
that the mantle is transformed into the crust 


“fits separation into a basaltic magma and 

tual kind of olivine, called dunite. This 

9 shown experimentally in the zone of 

of achondrite. The question now is 

i@x this change takes place imperceptibly 
pistinct stages. But as yet work in this 

#/on is of a theoretical nature. 


ssreat interest for the understanding of the 
@s of the earth's crustal materials are the 
v2 systems studied by F. Boyd; the studies 
equilibrium of silicate melts with H90, 
ind the significance of the partial pressure 
8, particularly for the formation of car- 

S at low temperatures, made by O. 
Sand others; the hydrothermal synthesis 
Giite minerals by Wyart; and the thermo- 
fic investigations of P. Ramdohr, H. 
and others. Many of these studies are of 
nterest also to petrochemists. 


ing by the character of the articles and 

s which have appeared during the last few 
| interest in the physical and chemical 

is of geologic processes has risen notice- 
yput in spite of the numerous studies deal- 
-h the composition of pegmatites, the 

isis of different minerals, the dispersion 
w= elements in them, etc., conducted for 
chemical elements in hundreds of pegma- 
idies (see B. Hitchon's paper presented at 


progress has been made beyond the views 
'sman on the problem of the genesis of 
oodies and of the simple chronologic se- 
2 of mineral formation. G. Sheyderkhen 
Dliged to recognize this in his summary 
from 1880) presented at the geochemical 
sium in Budapest. As a result of his 
under high temperatures and pressures 
ise equilibria in sulphides of hard metals 
hh the field and by means of synthetic 

s, G. Kullerud showed the significance 
any hard metals of temperature, and 

il pressure of sulpher (or O2) for the se- 
of deposition ot sulphides (or oxides) or 
lexistence of two or more phases. Parti- 
\ good physicochemical analyses have 
made of pyrrhotite - sphalerite, and 
lotite - pyrite systems and of the stability 
fay simple and complex sulphides and 
tides which often act as geologic thermo- 
!s in the formation of ore. 


ii 


| 


Garrels in his book has presented still 
voluminous and rigorous material on the 
i-ous natural equilibria of binary and more 
sex oxides, sulphides, etc., under normal 
‘ure and temperature. This is very im- 

it for understanding the physicochemical 
ysses which take place during diagenesis, 
somatism and other such processes. It is 
ery important in deeper research into the 
‘sses which have taken place in sedimentary 
3 in the ocean, at the bottom of the sea, 
‘types of inquiry with which geochemistry 
aes increasingly concerned each year. 
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A number of detailed studies have appeared in 
the area of the geochemistry of different ele- 
ments. Most deserving of mention are the gen- 
eral laws which have been developed concerning 
the dispersion of different elements in rocks and 
minerals. L. Arens has raised the question of 
whether the elements are distributed within rocks 
according to a logarithmic law and has introduced 
many statistical tests for treating the subject. 
This has, in its turn, brought about a number of 
studies in which numerous data compiled in the 
science have been submitted to statistical tests. 
As a result, a number of instances have been 
described of lognormal and normal types of 
chemical element distribution, for example for 
scandium, titanium, etc. 


Yet Poincare believed that in such cases in 
nature a lognormal distribution is found. A 
gauss distribution is exceptional. The effective 
factor influences the logarithm of the size. 

When the distributional effects are summed up, 

a gauss distribution is obtained. In this case, 
then, if a chemical element is found only in one 
mineral of a rock, the distribution will appear 
lognormal, if it is found in a number of minerals 
in this rock, then summarily a gauss distribution 
will be obtained. In nature, of course, all inter- 
mediate situations between these two laws occur. 


New let us return to the geochemistry of 
various elements. Not being limited to the 
study of their distribution in rocks and minerals, 
geochemists strive to ascertain the cause and 
mode of dispersion of various elements, parti- 
cularly the rare ones, according to phases, 
utilizing crystallochemical laws and attempting 
to explain them in terms of the energy of chemi- 
cal bonds, electronegativity, etc. 


Mention should be made of work in the geo- 
chemistry of the halogens. The geochemistry 
of boron, apparently, will have to be rewritten. 
The great significance of boron was discovered 
in endogenic processes, during the formation of 
skarn. Here much of the work has been carried 
on by Soviet researchers. V. Goldshmidt be- 
lieved Paleozoic shales to be richest in boron 
(there were more volcanic fumes, etc.). H. 
Harder showed the reverse, contemporary sedi- 
mentary rocks are richer. 


As I have already said, due in part to the 
method of flame photometry, new data have ap- 
peared on the ratio Rb/T1 and on the amount of 
alkaline and alkaline earth elements such as 
rubidium, cesium and strontium in rocks and 
minerals. Many data have been obtained for 
arsenic, tin, and molybdenum and on the dis- 
persion of the chemical elements gallium, 
indium, germanium and others. Thanks to the 
radioactivation method of analysis, accurate fig- 
ures have been obtained for the first time on the 
percentage of such elements as silver, gold, 
lead, bismuth, antimony, etc., in rocks, 
especially in meteorites (see the works of U. 
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Meinke and Smels). The geochemistry of 
various elements, particularly rare ones, is 
not limited to the presentation of figures show- 
ing their percentage content in rocks and min- 
erals. Obviously an effort is being made to find 
the causes of the various modes of dispersion of 
rare elements which one finds in different rocks, 
their various phases and occurrences. ‘To this 
end the elements of the rare earths Zr/Hf, 
Hb/Ta, Tb/T1 and a number of other pairs of 
close elements have begun to be used as im- 
portant indicators of geologic processes such 

as the imposition of albitization. In particular, 
the rare earths in other countries as well as in 
our own have attracted special attention. Now 
the percentages of the rare earths in meteorites, 
dunite, basalt and granite have become known. 
It is interesting that the Ce/Y ratio for the 
silicate phase of meteorites equals 1. 3, for 
basalt 2.0, for granite 3.5; i.e., a relatively 
high accumulation of elements in the cerium 
group occurs in acid, extrusive rocks. More 
types of rare-earth minerals have been shown 
to exist than V. Goldshmidt discovered in his 
time. 


However, the reasons for the formation of 
phosphates, fluorocarbonates, silicates and 
other rare-earth compounds containing various 
diaposons with different rare earths in them 
are not yet clear. The properties of these ele- 
ments (basicity, complex formation) which are 
constantly changing, to some degree permit 
their division into two groups. Other properties 
characteristic for each group of yttrium and 
cerium earths, with their maxima within each 
group, such as the solubility of a number of 
salts of a particular group, have more influ- 
ence on the formation of minerals having a pre- 
dominance of the narrower gamma of the rare 
earths. Finally, the presence of interchange- 
able valences in several rare earths is the most 
important factor determining their phase dis- 
tribution. Without doubt, the rare earths are 
very sensitive indicators of the processes of 
change within rocks. The pairs Zr/Hf (acid 
and basic rocks), Nb/Ta and others are used 
for this purpose. 


It was because of this that the high per- 
centage of niobium in carbonates was discovered 
and that an increased concentration of niobium 
in bauxite was found to exist along with other 
residual products of the hydrolysis of aluminum 
Silicates. In granite, where the manifestation 
of a compensating isomorphism was impossible, 
high concentrations of tantalum and many other 
new features of the geochemistry of these ele- 
ments were observed. 


Much new data were published on the per- 
centage of uranium and thorium in rocks and 
minerals, but surprisingly few which would 
lead to a better understanding of the geochemi- 
cal behavior of uranium, particularly in the 
zone of sedimentation, which has primarily 
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concerned researchers. Arguments over f 
syngenetic or epigenetic origin of uraniu 
mentary ores have been exaggerated. Th 
richment of sedimentary rocks, regardle 
their lithology, is explained either by the 
ing of uranium salts out of weathered cry 
line rocks by the normal action of ground 
or their removal from the crystallizing mag 
by residual solutions. Thus a tendency has 
arisen to explain even the concentration of 
uranium in the form of uranite and pitchblen 
in the ancient quartzite conglomerates of Wil 
watersrand, Canada and Brazil, as the rest 
precipitation from ground water solutions. 
Organic substance of soils and rocks have bi 
systematically studied as precipitators of © 
uranium from natural solutions (see "Organ 
Geochemistry which deals primarily with the 
links between organic substances; e. g., pez 
humus, and coal, and vanadium, uranium, 

germanium and molybdenum). As an examp 
a new source of uranium where the sorptior 
an organic substance, peat, has played then 
role in its formation, the deposit in the Nor- 
rbotten country of northern Sweden, not far 
from Kiruna, may be cited. 


ji 


The use of isotopic relationships for the © 
solution of genetic problems in geology bega 
not long ago. During this short period the! 
of isotopic relationships has permitted the: 
velopment of new methods for the determir 
of rock age. Examples are Rb87/Sr87 and 
dating, which have been firmly established, 
especially for the determination of the age of 
deep layers of ocean water. However, the e 
traction of CO from the atmosphere by car- 
bonic acid, which can be derived from the | 
of the ocean is not to be overlooked here. ~ 
water temperatures of ancient seas or curr 
can be Fe sje opr bis by paleothermometry on © 
o18/ O16 in the carbonate shells of marine — 
organisms such as belemnites, brachiopods, 
mollusk and foraminifera. The rate of depo 
tion of silt on the ocean bottom can be deter- 
mined by use of U/Io and other similar rela 
tionships. 


The present state of this field of geochemi 
stry is noteworthy in that many isotope meth 
for determining the conditions of formation 
rocks, minerals, natural waters and the at 
sphere are being put into practical use in gee 
logy. Most frequently used in the 018/01 
ration. K. Clayton, after studying isotope rf 
tionships in natural systems (sedimentary ~ 
rocks), containing SiOg, CaCOg, Fe203, 
Fe3O,4 and H20, was able to determine the t 
perature of formation of metamorphic rocks 
the Lake Superior region. He showed that th 
chlorite zone was formed at temperatures be 
tween 100 and 240°, biotite at about 280 to 3 
stavrolite between 320 and 380°, and silli 
around 320 to 360°. 


S. Epstein has shown the possibility of 


fag the 018/0!6 ratio in natural waters, 

@ation, andice. In this way he was able 

Mine the seasonal changes in the 

ig? ratio and found changes in 018/016 in 
}3 which had been formed concurrently 

simple CaCO3 plus SiO9). 


save shown in our turn that the 018/016 
‘anges in rock bodies according to cer- 
#3. For isotopes of sulphur in natural 
2s, an especially wide zone of diapason 
ation is observed, this fractionation 

2 more noticeable the greater the dif- 
“in the sulphur valence of the two groups, 
@)aple in the biochemical reduction of 
fn the oxidation of HS. 


34/532 ratio has been used successfully 
ine the nature of sulphur genesis under 
conditions. Isotopes such as TY and 
Shrmed in the atmosphere under the in- 
m0f cosmic light rays, also have signifi- 
“@r geochemistry. Thus, W. Libby has 

6, formed in the atmosphere, as an in- 
lain studying the balance of land surfaces. 


93, sotope ratios of nitrogen, copper, zinc, 
“fand magnesium have been studied as 
®@jur in nature. The most interesting data 
@tained for magnesium in dolomite, the 
(g26 ratio changing markedly depending 
ilace chosen for taking the dolomite 
Me At the present time more than 1000 
mations of isotope composition of lead in 
#ind other non-radioactive minerals are 
m™ The age of various lead specimens is 
».0” years. They are seldom observed in 
rocks. This is explained by the regen- 
lof very old lead. The observation of 
imens of lead of different isotope com- 
it in the same locale (sometimes 
»us), Supports the notion that their 
or histories) have been different. These 
br observations of the behavior of Pb294 
/ various radiogenic leads in ores posed 
3tion of studying the genesis of lead ores 
lead isotope composition. Many sides 


ne discussion of the papers given at the 
al and geophysical congress on the de- 
jition of absolute geologic age has shown, 
sts are being forced in a number of in- 
to reject previously determined age 
For example, rocks of the Wit- 
rand have been considered to date from 
' er Proterozoic (700 million years). Now 
se has grown to 2600 million years. The 
ftism of sphekophenides and karelides is 
(o be mutual and is estimated at 1800 to 
lillion years; i.e., they are of the same 
The age of rocks has become an indis- 
e index for geology. Different methods 
cmining age have been put into permanent 
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use by geologists on all continents. While not 
long ago researchers concerned themselves with 
laboratory methods of determining age, now that 
many data have been compiled, new, purely geo- 
logic age problems have presented themselves. 

I shall discuss these below. Extensive new data 
have been published for the rocks of Canada, 
Labrador (Gastil), U.S. A., South Africa, Scot- 
land, Finland, Sweden, Greenland, India, 
Australia, the Arabian shield and other terri- 
tories. Asa result, a new geologic time scale 
has been put forth for the Paleozoic, Mesozoic 
and Cenozoic eras, based primarily on the age 
determination of biotite and glauconite by the 
A/K and U/Pb methods. 


Its basic difference from the old scale of A. 
Holmes consists in: 1) the increased duration 
of the Cenozoic (70 x 10® years instead of 58 é 
109), the Mesozoic (Lower Triassic 220 x 10 
years) and the Paleozoic (Early Cambrian being 
estimated at 600 x 10° years instead of 520 x 
10°); and 2) an earlier opening of the Cambrian 
period (600 x 106 years). - 


Significantly less data exist for the Precam- 
brian, although attempts have been made to 
divide the Precambrian according to age. It 
should be noted that Soviet work on absolute age 
determination was distinguished by its large 
amount of statistical data and its thorough ac- 
count on geology. Data on age which is obtained 
by different methods (the classical U/Th/Pb, 
A/K, Rb/Sr and other methods) and of course 
from different minerals of one or another kind 
of rock, do not always agree very well. They 
seldom coincide even when classical methods 
such as Pb206/Pph204, Pbh207/Pb204, and 
Pb208 /Ph204 are employed. This is related to 
the loss of uranium or lead which results from 
some kind of secondary alteration in the rock. 


The most constant behavior is exhibited by 
Pb206/Pb207, The total of A/K40 does not 
always agree with the data derived from the 
classical method. The ratio of Rb87/Sr87 often 
gives high age values, not comparable with data 
from other methods. Thus, Brugher adduced an 
age value of 5.9 x 109 years for rocks of South 
Africa. But in general by the comparison of 
data for two minerals obtained by two different 
methods, an approximate solution to the problem 
can be reached, as G. Wetherill and others have 
suggested. At the present time it has become 
quite clear that data which are not in agreement 
are the result not of mistakes made by chemists, 
but of the metamorphism of rocks which has in- 
fluenced processes later superimposed, such as 
albitization, etc. Thus, it is natural to expect 
the disappearance of certain minerals, for ex- 
ample, argon or potassium and rubidium, lead, 
uranium, etc., while in certain instances one 
would expect the addition of potassium and rubid- 
ium, etc. 


Thus, the anomalous data obtained by various 
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methods gives an idea of the processes which 
rocks or minerals undergo. This is the reason 
for the development of purely geologic questions 
such as the composition of the rocks, duration 
of metamorphism which results in losses or 
gains in material, the lack of agreement be- 
tween age and the speed of sedimentation, etc. 


In order to determine age by classical and 
other methods, practical tests were applied to 
many new minerals such as sanidine, glauconite 
and bentonite. 


Many data from cl4 tests permit the cal- 
culation of the age of sediments up to 50, 000 
years old. This method was successfully used 
to date archaeologic discoveries. Several 
laboratories in the U.S. A., Sweden, Denmark, 
the Netherlands and other countries are well 
known for their use of C** tests in dating. 


Experiments in the determination of the age 
of sedimentary rocks and sediments at the 
bottom of the ocean have been conducted suc- 
cessfully not only with the well-known ionic 
method, but also by use of the lo/Pa of lime- 
stones, etc. Much attention has been given to 
the age of meteorites, especially the so-called 
radiational age by the accumulation of the gas- 
forming products of cleaving under cosmic 
radiation of the isotopes of H2, He’, Ar, Xe 
and Kr. It is interesting to note that a number 
of radioactive isotopes; e.g., Mo, Al2 , Mg, 
F19, Mn93, which originated under the bom- 
bardment of meteorites with cosmic particles, 
have been observed in tectites. Some doubt is 
now raised as to whether tectites are of terres- 
trial origin. 


A few words of geochemical methods of 
mineral prospecting. I have in mind recon- 
naisance search methods. Naturally in the 
planning of prospecting in foreign countries, 
all factors, including the geochemical, are 
taken into account. In the United States Geo- 
logical Survey there is a strong nucleus of geo- 
chemists; The Geochemical Institute is a part 
of the structure of the Norwegian Geological 
Survey, which has been moved from Oslo to 
trondheim. The discovery of ore or dis- 
persion coronae is carried on by the usual 
methods, mapping according to spectrographic 
or chemical analysis, especially of copper, 
lead, zinc, mercury and other elements. 


In the northern regions, Canada for example, 
this testing has turned up the problem of differ - 
entiating the dispersion coronae of local de- 
posits and those of minerals in glacial moraine. 
Biogeochemical methods, the location of a 
number of elements by their appearance in 
soils and vegetation, are frequently applied 
in Canada and Scandinavia. This method has 
been used in surveying, and a concentration 
of cobalt in vegetation has been discovered to 
be a sign of the presence of uranium. 
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Hydrochemical methods are also used. — 
Neutron core sampling of boron and berylli 
is subject to chance. Uranium prospecting | 
with the aid of radioactive methods has beco 
general, and there is no reason for me to ~ 
dwell on it since it has more than once been 
subject of special discussion. 


In this brief paper I have scarcely been 
to set forth all the basic achievements in gec 
chemistry outside the U.S.S.R., even limiti 
myself to a brief discussion of each. Of one 
thing there is no doubt: the problems of geo- 
chemistry are of concern to a large group of 
scholars in foreign countries. Furthermore 
among the scholars concerned with the solut 
of geochemical problems, a tendency to 
organize international associations of geoche 
sts has developed with the aim of establishin 
more systematic exchange of research resul 
and a number of countries, the U.S. A., Japa 
and France, national associations (unions ar 
committees) of geochemists already exist. 


Within the framework of the International 
Assocation of Pure and Applied Chemistry 
(JUPAC) the International Geochemical Com 
mission, which has organized a number of gé 
chemical symposia, has been created. The 
chemical Committee has been set up withint 
Geophysical Union. Finally, in connection ¥ 
the establishment of the Geological Union noi 
above, the Geological Congress has created 
Geochemical Commission. Attempts are noy 
being made to unite the work of these com- 
missions under one international geochemaal 
organization. 
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SOME CHARACTERISTICS OF THE GENETICALLY DIFFERENT TYPES 
OF PHENOCRYSTS IN PORPHYRITIC VEIN FORMATIONS: 


by 
M. V. Borodayevskaya 


The phenocrysts of rock-forming minerals 
in igneous rocks are known to be of very varied 
origin. They may be products of magmatic 
melt crystallization, they may constitute por- 
phyroblastic formations, and, finally, they may 
represent fragments of the mineral constituents 
present in the host rocks. 


Examples of phenocrysts belonging to each of 
the enumerated types have been thoroughly 
described and studied. Nevertheless, the diag- 
nostic features characteristic for each genetic 
group are still insufficiently analyzed. Yet, a 
correct diagnosis of the phenocryst type leads 
to a much easier solution of such important 
problems as the depth of the solidification of 
intrusions, the degree to which the melt was 
enriched by volatile components, the orienta- 
tion and the pattern of magmatic evolution, etc. 


An attempt is being made in this article to 
sum up some diagnostic features characteristic 
for the phenocrysts of different genetic types 
occurring in dike formations of igneous origin. 
These formations provide the best possible op- 
portunity for the solution of the problem at hand. 
Owing to the fact that many dikes have glassy 


chilled margins, it becomes possible to separate 


here, with a sufficient measure of reliability, 
the processes which develop in deep-seated 
conditions from those which characterize the 
rapid crystallization of the met] in the upper 
layer of geology. In many cases this enables 
the investigator to identify the type of the 
phenocryst with the greatest possible accuracy. 
This is the reason why a classification of the 
investigated features could be worked out most 
conveniently in utilizing the vein rocks as the 
primary object of research. 


THE GENETIC TYPES OF ROCK-CONSTITUENT 
PHENOCRYSTS IN VEIN FORMATIONS 


As it is apparent from numerous descriptions 
and the author's own observations of dike 


'Nekotoryye osobennosti porfirovykh vydeleniy 
razlichnykh geneticheskikh tipov v zhil'nykh porodakh 
slozheniya, (pp. 12-22), 
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formations in the Urals, the Trans~Baykal 
regions, the Aldan, and certain areas in the 

Ukraine, the phenocrysts of rock-forming mir 
erals occurring in these formations may be si 
divided into the following main types. 


1. The insets proper (i. e., the phenocryst 
crystallized from the melt): a) the intratellur 
phenocrysts (formed in deep-seated chambers 
and carried by the magma into the upper struc 
tural stage); b) the insets generated in situ, i. 
within the limits of the fissures filled with dik 


2. Porphyroblasts: a) developed within the 
magma-enclosed xenoliths prior to the ground 
mass crystallization (the formation of these P 
phyroblasts in the majority of cases occurs in 
the deep-seated chambers before the rise of ; 
magma to the upper layer of geology); b) growr 
up within the dike-filled fissures subsequent 
the general crystallization of the rock. 


3. Xenocrysts: a) those which have penetra 
into the magma at considerable depths prior to 
its emergence in the upper structural stage; 
b) those which appeared in the magma at the Si 
or not far away from the site of its crystalliza 
tion. 


Let us examine the diagnostic features of th 
phenocrysts for each of the specified types. 


INSETS OF ROCK-FORMING MINERALS © 
CRYSTALLIZED FROM THE MELTS 


The phenocrysts of this type, both the intra 
telluric variety, and those crystallized in situ, 
were studied in greater detail than the other — 
types. In recapitulating the data produced by 
A. Lane [13], L. Pirsson [16, 17], Yu.A. 
Bilibin [3, 4], and the results of our own ob- 
servations, it is possible to indicate the follow 
ing main features which distinguish the allolitl 
(transported by the melt from the depth) from 
the insets which have developed in the upper 
structural conditions. 


1. Both the intratelluric insets, and those 
generated in situ, which have crystallized frot 


, 

melt are overwhelmingly represented by 
ery same minerals which make up the 
}osing groundmass. Thus, for example, 
groundmass and the phenocrysts in granite- 
bhyries are usually composed of orthoclase, 
tz, acid plagioclase, and biotite. Char- 
‘Tistic for the dioritic porphyrites is the 
sence among the minerals of both genera- 
S of hornblende, sometimes of pyroxene 

j average-basicity plagioclase, and so on. 
ever, among the intratelluric phenocrysts 
/€ often appear minerals which correspond 
1e higher members of the reaction nucleus. 
‘example, olivine insets are not infre- 

tly encountered in gabbro-porphyrites; in 
nite -porphyrites; in granite-porphyries — 
re of the colored mineals the groundmass 
jains Only biotite — one finds insets of 
nblende, and soon. Moreover, the com- 
ion of the like minerals, which make up 
@zroundmass and are present in the form of 
atelluric phenocrysts, often differs quite 
stantially. For instance, in the insets of 
e dioritic prophyrites occurring in the 

is pyroxene is represented by augite, 

reas diopside is developed in the ground- 
s. A difference in composition is ob- 
Wvable particularly often in the first and 

d generation plagioclases, with the dif- 


‘he phenocrysts crystallized in situ do not 
pr so sharply from the corresponding 
dmass minerals. Absent among them 
salso the minerals located higher in the 
a succession. 

The insets of intratelluric origin often 
ay sometimes more, and sometimes less, 
sounced flow or fluidal disposition. Usually 
most distinctly expressed inset orientation 
iarallel to the dike walls near its contacts 
)the wall rocks. Not infrequently occurring 
also individual flows enriched by pheno- 
})ts of intratelluric genesis. 


luch an orientation, as a rule, is not char- 
iiristic for the insets generated in situ. 
never such a disposition is encountered, it 
iiriably occurs only when the groundmass, 
has a similarly oriented tecture. 
! 
. The number of intratelluric phenocrysts 
the exception of those cases when there 
‘x separate phenocryst-enriched layers) is 
tant throughout the dike cross-section and 
not depend on the position of a given sec- 
relative to the dike's contact with the en- 
ing rock. The number of the "in-situ" in- 
, on the contrary, increases considerably 
ie central most intensively crystallized sec- 
3 of the intrusive bodies and drops sharply 
yproaching to its chilled marginal zones. 


i. Phenocrysts of intratelluric origin, for 
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every given vein formation in any definite 
region, are characterized, as a rule, by con- 
stancy of sizes and a sharp gap in terms of 
their grain size as compared to that of the 
respective groundmass constituent mineral. 
The size of intratelluric insets, therefore, 
does not depend on either their position in 
relation to the contact, or on the groundmass 
grain size. 


The phenocrysts crystallized in situ are 
distinguishable by the considerable variability 
of their size. Moreover, in the majority of 
cases a serial pattern of transition is to be ob- 
served to the grain size represented in the 
groundmass. The insets embedded in the 
central zones of dikes, where the groundmass 
grain is of considerable coarseness, are the 
largest; on moving towards the dike walls the 
grain dimensions gradually decline. 


5. In respect to the crystal shape it should 
be mentioned that the phenocrysts of magmatic 
origin reveal a tendency towards automorphism. 
At the same time the crystallographic faces of 
the in-situ growing insets manifest a noticeably 
less perfect development. For example, the 
microcline and plagioclase phenocrysts in the 
late Hercyninan granitoid porphyries of the 
Urals — which, as revealed by our investiga- 
tions, belong to the phenocryst type developing 
in situ — are frequently represented (alongside 
with relatively well-shaped crystals) by round 
and irregular grains displaying only a tendency 
towards prismatic habit. In colored minerals 
— pyroxene and amphibole — the terminations 
are often undeveloped. 


Furthermore, the phenocrysts formed in 
situ, as a rule, do not suffer from particularly 
deep corrosion under the influence of the sur- 
rounding groundmass. Their faces are usually 
slightly serrated and weakly distorted by in- 
growths of individual minerals and shallow 
corrosion inlets. 


For the intratelluric formations, on the 
contrary, characteristic are deep embayments 
produced by the groundmass, and at times the 
crystals are reduced by intensive corrosion to 
mere skeletal forms. Moreover, the intra- 
telluric phenocrysts are sometimes represented 
by strongly fused crystals which are totally 
non-typical for phenocrysts nucleated in situ. 
Along the boundary with the groundmass the 
fused crystals often have a reaction rim never 
observable on phenocrysts generated in situ. 


6. Reaction rims are not infrequently en- 
countered in connection with intratelluric-type 
insets. Hornblende coronas around pyroxene 
phenocrysts, or biotite rims around hornblende, 
are particularly widespread. Especially 
strongly developed are the corrosion rims in 
those cases when the first-generation minerals 
precede the groundmass minerals in the 
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reaction series (for instance, a biotite or 
amphibole reaction rim around quartz insets in 
rocks with a groundmass composition made up 
by diorites and syenites). 


Widespread development of this type of 
coronas is very characteristic for dike rocks 
in some geologic regions. In particular, this 
is true in the case of post-Upper Jurassic 
minor intrusive formations in the central Aldan. 
Yu. A. Bilibin has come to the conclusion that 
their appearance is connected with the phenom- 
ena of magma supercooling during its ascent to 
the upper structural horizons [4]. Our in- 
vestigations of the rocks in Central Aldan and 
certain areas of Eastern Trans~-Baykalia have 
caused us to conclude that such reaction rela- 
tions arise mainly when the magma experiences 
strong constitutional changes in the process of 
crystallization under the influence of contact 
reactions [ 6]. 


7. Very characteristic for intratelluric 
insets is the zonal structure. Moreover, 
inherent to them in most cases is direct zoning. 
The differences in the zone compositions are 
sometimes very considerable. Thus, for 
plagioclasese the composition in certain cases 
shows a variation of the order of 20-25 numbers 
fromthe center to the periphery. Yu.A. Bilibin 
believes that a reverse zoning is also character- 
istic for intratelluric phenocrysts [3]. This 
phenomenon is connected with the drop of the 
magma's crystallization temperature as a re- 
sult of decreasing pressure during its ascent, 
but simultaneous retention by it of its volatile 
components. These views are also chared by 
Vogt [18] and V.N. Lodochnikov [8]. How- 
ever, had this been really the decisive factor, 
then precisely a reverse, and not a direct, 
zoning would have been characteristic for the 
vein rock, the formation of which in all cases 
is accompanied by the rise of magma from the 
plutonic chambers to the top layers of geology. 
Yet, a different picture is to be observed in 
reality. 


With the vein rocks investigated by us in the 
gold-bearing regions of the U.S.S.R. serving 
as an example, it may be stated that pheno- 
crysts with reverse zoning are totally un- 
known in the granitoid porphyries of Late 
Hercynian genesis in the Central Urals. 
Neither are they characteristic for the diverse 
vein rocks accompanying the gabbro-peridotite 
intrusions in the same region. Insets with re- 
verse zoning are almost untraceable among the 
various porphyry and porphyrite veins in 
Dzhugdzhura, the Far Eastern Maritime Pro- 
vince (Primor'ye) and several other regions, 
and only in certain types of vein rocks of 
Eastern Trans~Baykalia and Central Aldan they 
are abundant. Furthermore, the vein rocks in 
which the insets were characterized by reverse 
zoning manifested a number of features justify - 
ing the belief that a considerable role in the 
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process of their crystallization was played by 
the phenomena of assimilation and other con- 
tact reactions which have complicated and ob- 
structed the normal trend of melt crystalli- 
zation in the fissures. 


8. A large number of inclusions is not che 
acteristic for insets of magmatic origin. Both 
in the intratelluric phenocrysts and those grown 
in situ the inclusions are represented by ac- 
cessory minerals or minerals which began to ~ 
crystallize before the host mineral. They are 
few in number and, as a rule, have no orienta- 
tion regularities, although they sometimes are 
subordinated to the growth zones of the enclosin; 
crystal. 


9. A direct relationship was established for 
certain vein rocks between the amount of 
amygdules and the number and size of insets 
generated in situ. In the marginal chilled 
portions of dikes and sills the amygdules, as 
well as phenocrysts, are absent. On approach 
ing to the center the percentage by volume of 
space occupied by the amygdules gradually in- 
creases; this also goes for the number of pheno 
crysts and their sizes. é 


In concluding with this our survey of the diag 
nostic features of the insets crystallized from 
melts, we wish to emphasize that our experi-~ 
ence in work with vein rocks in Central Aldan, 
the Southern and Central Urals, and Eastern 
Trans-Baykalia confirms the fact that the insets 
of both examined types are to be found in fairly 
wide abundance. The preferential development 
of this or the other variety is determined by 
the geologic conditions of vein-rock formation 
within the confines of a given region. 


Most characteristic for the Central Aldan an 
Eastern Trans~Baykalia are the intratellurian 
phenocrysts which predominate decisively over 
the insets crystallized in situ. This is evi- 
denced by the fact that the size and the amount 
of insets are independent from the position they 
occupy in relation to the contact walls, by the 
distinctly pronounced zonal structure of the 
crystals, the intensive corrosion and resorption 
phenomena accompanied by the formation of 
spectacular reaction rims around most of them 
And conversely, for the Southern and Central © 
Urals very typical is a widespread development 
of phenocrysts growing in situ. In contradis~ 
tinction to the Trans-Baykalian and Aldanian 
rocks, a regular relationship may be registeré 
here for the majority of phenocrysts between — 
their size and quantity and the degree of the 
groundmass crystallinity, as well as their 
position relative to the contact surfaces of the 
dikes. The development of corrosion rims is 
not characteristic and the zoning is considerab 
less expressed. Moreover, in some regions of 
the Urals, instances have been revealed when 
almost all phenocrysts, which began to crystal 
lize in intratelluric conditions, continued to 


\ 
intensively during and after the rise of 
yma into the upper structural stage. A very 
yresting example of this type of formations 
described for the vein rocks located in the 
aity of lake Uvil'da in Southern Urals by 
A. Kuznetsov, who was able to show that 
intratelluric plagioclase phenocrysts have 
jinued to grow intensively and have sub- 
tially changed their composition in the 


I 
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THE PORPHYROBLASTS 


‘he porphyroblastic origin of many rock- 
jstituent phenocrysts in igneous rocks was 
patedly discussed in literature and con- 
ively proven by A. Anderson [9], G.D. 
jias'yev [1], S. Nockolds [15], and other 
#ors. 


or dike rocks the porphyroblastic develop- 
ijt of phenocrysts was studied by G. Good- 
ied in the region of Cornukopia [12], and by 
j}. Borodayevskaya with A.I. Shmidt [6] in 
j;ern Trans~-Baykalia. 
the phenocrysts developing by porphyro- 
pitic process may by far not always be easily 
‘nguished from the insets of magmatic 
4:sis. The main features inherent to them 
& the frequent presence of a large number 
clusions of almost all rock-forming min- 
making up the vein-rock structure, and 
distribution pattern of these inclusions; 
js0metimes very complex character of the 
shyroblast boundaries; the presence of re- 
jin rims; the peculiarities of zonal struc- 

, and a number of other characteristics 
ih will be presently reviewed. 


detailed study of these formations has 
‘yn that two sharply differing mechanisms 
iiresponsible for their appearance. In 


i 
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gle cases they develop by way of reaction 
sformation of xenoliths captured in liquid 
atic melt; in other instances the porphyro- 
ts are formed after complete consolidation 
ije magma which fills the vein fissures. 


‘he first type of porphyroblasts develops 
jnarily in the deep-seated magmatic 

fabers before the ascent of magma to the 

rx layer of geology. The following may 

fe as a proof thereof. In many cases ob- 
sled by us (Eastern Trans~-Baykalia, the 

s) and described in literature the xeno- 

| of the wall rocks (for which the negligible 
ie of migration, or its absence, is evident) 
iledded in the dike fail to exhibit any tangible 
es of contact reactions which could be 
fciated with the magmatic stage of the rock's 
| These xenoliths often retain sharp angular 
Jigurations, bear no traces of fusion, and 
a do not change their structure and 

| 
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composition, even when there exists a consider- 
able difference in the acidity coefficient values 
between them and the magmatic melt which 
used to enclose them (for example, the dia- 
basic xenoliths in the granite-porphyries of the 
Urals, the dolomitic xenoliths in the Aldanian 
syenite-porphyries, and soon). At the same 
time, included in these dikes is a great number 
of xenoliths represented by the rocks not ob- 
servable in a given erosional pattern (for in- 
stance, xenoliths of gabbroid rocks and crys- 
talline schists in granite- and granodiorite- 
porphyries of Eastern Trans-Baykalia buried 
among granites and granodiorites). Here these 
xenoliths are altered very deeply and are rich 
in porphyroblasts which often gravitate towards 
their peripheral zones [6]. 


The identification of this group of porphyro- 
blasts is highly important, in our opinion, 
since — while developing at the early stages of 
the melt's life — they are responsible for the 
substantial changes in its composition and the 
alteration of the entire process of its crystal- 
lization. 


We shall examine the diagnostic features of 
the porphyroblastic crystals developed before 
and after the crystallization of the vein-rock 
groundmass, and the criteria distinguishing 
them one from another. 


1. The composition of the metacrysts which 
develop at the expense of the xenoliths im- 
mersed into the magma is characterized by the 
fact that in their bulk these porphyroblasts have 
the same composition as the dike groundmass 
minerals. However, very typical is also the 
presence among the porphyroblasts of the min- 
erals which are in sharp disequilibrium with 
respect to the enclosing groundmass (for ex- 
example, quartz, orthoclase, and acid plagio- 
clase in the groundmass of dioritic, gabbroic, 
or alkaline composition). 


Such minerals appear as a result of a re- 
action of the magmatic melt with xenoliths 
which differ sharply from the former by their 
acidity coefficients. In consequence of these 
reactions the melt loses its oxides in favor of 
metacryst construction. Such an example was 
studied by us together with A.I. Shmidt in 
Eastern Trans-Baykalia where we were able 
to establish that a melt with the initial compo- 
sition resembling that of normal granite had 
changed it to one approaching spessarite while 
reacting with the xenoliths of gabbroic rocks. 
These alterations were mainly due to the 
abundant development of quartz and orthoclase 
metacrysts in the xenoliths, in connection 
whereof there occurred a sharp lowering of the 
K20 and SiO2 concentrations in the magma [6]. 


In view of the fact that — in consequence of 
the subsequent disintegration affecting the struc- 
tural tissue of the xenoliths — the newly-formed 
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porphyroblasts often sink into the constitutional- 
ly altered melt, with respect to which they are 
in sharp disequilibrium, a reverse zoning and 
widespread development of corrosion rims is 
very characteristic for them. Sometimes it is 
possible to observe cases when the central 
portions of the crystals developed as por- 
phyroblasts reveal a feebly expressed zoning, 
whereas the peripheral sections grown over the 
metacryst after its entrapment in the melt pre- 
sent an example of reverse zones with a com- 
position strongly differing from that of the 
nucleus. The central nucleus — which in effect 
constitutes the porphyroblast — often manifests 
thereby irregular and deeply reabsorbed con- 
tours, while its still growing rim is char- 
acterized by high automorphism and well- 
developed crystallographic faces. In observing 
the porphyroblasts developing at the expense of 
gabbroidic rock xenoliths (Eastern Trans- 
Baykalia), we were able to register cases when 
the plagioclase of the reabsorbed central 
nucleus was represented by oligoclase with 
Ab75An95 composition, and the surrounding 
rim — by Abss5Ang4s5 andesine. 


Equally characteristic for the metacrysts be- 
longing to the examined groups is the develop- 
ment of coronas. In quartz porphyroblasts 
these rims are composed of pyroxene, amphi- 
bole, or biotite, in biotite they are repre- 
sented by an aggregate of pyroxene with mag- 
netite or amphibole, in orthoclase the rims are 
made up plagioclase, sometimes of basic com~- 
position, and so on. The grains with over- 
growing reaction rims in these cases often bear 
traces of deep corrosion or resorption. 


As tothe composition of the young por- 
phyroblast, i.e., the metacrysts which have 
developed after the crystallization of the en- 
closing groundmass, the unbalanced forma- 
tions of this type are unknown among them. 
Usually their position in the reaction series is 
lower than that of the magmagene rock-forming 
minerals. By way of an illustration we shall 
refer to the commonly known cases of young 
microcline porphyroblasts widely developed in 
the essentially plagioclase granitoid rocks of 
acid plagioclase composition (often albite) and 
in the rocks with a more basic plagioclase 
composition, muscovite metacrysts, and so on. 
The composition of these newly-formed min- 
erals is determined mainly by the character of 
the recent emanations responsible for their 
formation. 


Zonal structure is not typical for the late 
porphyroblasts. There are no reaction rims. 


2. Some specific features also mark the 
distribution of both types of porphyroblasts. 
For the metacrysts produced prior to ground- 
mass crystallization, in the general case, the 
same properties are characteristic as those 
described for the distribution of normal insets 
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crystallized from the melt. Here we often en- 
counter their flow or oriented disposition. 
There also is no interdependence between the 
number of metacrysts and their relative posi- 
tion with respect to the contact surfaces of the 
dike. Only their inherently extremely uneven 
distribution consititutes a specific characteris~ 
tic. Sometimes some individual sections of 
dikes are literally clogged with porphyritic 
crystals which clearly dominate the groundmass, 
while other sections are almost totally free 
from them. 


No fluidal disposition is to be registered for 
the young metacrysts. Sometimes an oriented 
arragement may be observed, which turns out 
to be associated with the position of the planes 
of fissility of the directions of rock jointing. 
The distribution of porphyroblasts is consider- 
ably more uniform than in the first case, parti- 
culraly if the processes responsible for their 
formation are related to the self-induced meta- 
somatic activity of the cooling intrusion. If, 
however, there is a later superposed process, 
then the pattern of metacryst distribution 
usually becomes subordinated to some or anothe: 
element of the superimposed tectonics. The 
distribution follows the zones of rock fracture 
and crush, the network of fine fissures, and so 
on. 


3. As to the shape of the crystals, the meta- 
crysts produced by both mechanisms may dis- 
play a very perfect crystallographic configura- 
tion. However, on the whole, more character- 
istic for the early porphyroblasts are well- 
defined crystals, the contours of which are 
often distorted by deep corrosion due to the 
action of the crystalline groundmass. This 
leads to the formation of embayments and 
corrosion of the crystals to skeletal forms. In 
contrast therewith, the late metacrysts are 
found to be far less frequently formed into 
perfect crystals. It is often possible to trace 
a series of transitions from poorly shaped, 
sometimes skeletal, grains, usually character- 
istic for their small size, to large well de- 
veloped crystals. The outward contours are 
usually distinguished by a fine tortuous pattern 
determined by the advance of the growing crys~ 
tals along the boundaries of the groundmass 
grains and the earlier phenocrysts, by their 
porphyrobalistic entrapment, and complete or 
partial overgrowth. In this connection it might 
be well to mention that around the early por- 
phyroblasts one often observes a fluidal-flow 
structure in the surrounding groundmass, | 
which in most cases is not detectable around the 
metacrysts formed after the crystallization of — 
the groundmass. 


4. It is important to dwell for awhile on the 
character and peculiarities of the distribution 
of inclusions in the porphyroblasts of both types. 


As it follows from the preceding discussion, — 


‘he previously examined features are to 
1€ extent common both for the metacrysts 
fi ed in the early magmatic stage, and for the 
®alanced insets crystallized from the melt. 
) most reliable differentiating criteria for 
We two groups of porphyritic crystals are 
ature and the mechanism of distribution 
1e inclusions contained in them. The por- 
Mroblasts appearing as a result of xenolith 
ition with the melt often contain a large 
@ ber of inclusions accounting fro 10 to 70% of 
crystal volume. Usually these inclusions 
@ represented by various minerals making up 
composition of the xenoliths, or formed as 
sult of their recrystallization. The mineral 
® position of the altered xenoliths usually 
)yely corresponds to the mineral composition 
1e enclosing vein-rock groundmass. How- 
‘1, in terms of size the minerals embedded 
porphyroblast correspond neither to the 
mindmass minerals, nor to magmagene in- 
@, but to the grains of the xenolith's struc- 
ail tissue such as it has been at the moment 
sie xenolith's transformation when the 
»\vth of the porphyroblast was in progress. 
. i 
: | 
Very characteristic also is the distribution 
‘Siese inclusions. It is determined by a high 
eee of unevenness and the presence of 
ii;talloblastic growths of mono- and poly- 
eral composition, as well as by a con- 
s"ric zonal arrangement of the inclusions 
©@ as is common for garnet porphyroblasts 
d@loping in crystalline schists. Moreover, 
sf rule, the prismatic or platy minerals 
Soften so positioned that their long sides 
Biparallelly to the growth surfaces of the 
“cd crystals. 


totally different arrangement is manifested 
ne inclusions occurring in the porphyro- 
ts developed at the recent stages of vein- 
ve. development. In a number of cases such 
; hyroblasts reveal a cribrate structure at- 
table to the abundant presence of inclusions 
me minerals making up the groundmass of 
ein rock. In the case of a more perfect 
i@lopment these crystals retain the inclusions 
)in their peripheral zones. The distribution 
ie inclusions in the peripheral rim is ir- 
lar and corresponds in some measure to 
3tructural pattern of the groundmass which 
loses the metacryst. The grain sizes corre- 
id to the grain sizes of the groundmass. The 
2rals encountered in the form of inclusions 
he same as those which form the composi- 
of the groundmass, even though they are 
always present in a full measure. Thus, in 
>rthoclase metacrysts developed in granite- 
hyries, the type of orthoclase and plagio- 
'e appearing in the groundmass composition 
letimes may not be encountered in the form 
%/clusions, whereas quartz and the colored 


‘iponents remain unchanged. 


9 concluding the discussion of the 
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porphyroblastic crystals, we shall note that the 
metacrysts formed during the magmatic stages 
often continue to develop even after the solidifi- 
cation of the enclosing vein-rock groundmass. 
In this case the trace of the primary crystal 
may be sometimes detected by the hardly 
noticeable boundary of the cloudiness which, it 
seems, Comes as a result of a singular re- 
active action. Different also is the nature of 
the inclusions in the early porphyroblast and in 
the more recent rim which mantles it. The 
optical orientation of both the previously formed 
crystal, and the more recent porphyroblast is 
ordinarily identical. Nevertheless, certain 
distinctions are to be observed in the composi- 
tion and the optical properties. For instance, 
in the type of vein rocks studied by us in East- 
ern Trans~Baykalia, the orthoclase from the 
growth rim differed from the earlier por- 
phyroblastic orthoclase by a higher refractive 
index, a smaller amount of perthitic ingrowths, 
and a lesser degree of pelitization. 


The possibility of late porphyroblastic 
growth involving both, the previously formed 
porphyroblasts, and the purely magmatic insets, 
must be taken into account. The symptoms 
which characterize this growth and, parti-~ 
cularly, the crystal penetration along the 
boundaries of the rock-forming minerals are 
often so clearly manifested that without a de- 
tailed study a recent genesis may be erroneous- 
ly assigned to the entire crystal actually formed 
under totally different conditions. 


XENOCRYSTS REPRESENTED BY 
FRAGMENTS OF ENCLOSING ROCKS 


The composition of the xenocrysts occurring 
in magmatic vein rocks is very diversified and 
depends on the composition of the enclosing 
rocks, both plutonic, and those through which 
passes the dike-filled chimney. 


Their distribution in the dike body is sporadic 
and characterized by a considerable unevenness. 
Moreover, the near-contact dike zones may 
often be enriched by xenocrysts represented by 
the fragments of the host rock. A flow or 
lamellar structure is sometimes characteristic 
for the xenocrysts carried out from the depth. 


The sizes of xenocrysts vary within a very 
wide range. They are determined by the coarse- 
ness of the grain in the enclosing rocks and the 
degree to which they have been crushed. 


Clastic forms are typical for xenocrysts 
which have penetrated into the magma not far 
from the place of its solidification. In this 
case, one often observes even sharp splintery 
fractures almost unaffected by fusion. In xeno- 
crysts of plutonic origin the clastic shapes are 
almost fully camouflaged by the phenomena of 
deep resorption and corona development. In 
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view of this fact, it becomes only occasionally 
possible to detect the clastic configurations on 
the basis of the irregular character of the 
grain sections which cannot be imagined as 
representing regular crystal profiles. 


Zoning and corrosion rims appear only in 
xenocrysts entrapped by the magma at con- 
siderable depths. Their character is deter- 
mined by the degree of equilibrium between 
the xenocryst's composition and that of the 
enclosing melt, and is identical with the pre- 
viously described character of intratelluric 
insets and the “early” porphyroblasts. 


The inclusions of other minerals are not 
numerous in xenocrysts. Their composition 
and distribution pattern are entirely deter- 
mined by the manner in which the inclusions 
are distributed in the minerals of the rocks 
subjected to crushing. 


CONCLUSIONS 


Experience gained in the study of vein rocks 
shows that porphyritic crystals of all the 
examined genetic types represent a highly 
widespread group of formations. There is no 
need to dwell on the abundance of the insets 
crystallized from the melt either under intra- 
telluric conditions, or at the sites of dike 
solidification. At the present time most por- 
phyritic crystals encountered in vein rocks are 
considered as formations belonging precisely 
to this type. 


Quite different is the case concerning the 
porphyritic crystals for which characteristic 
is the porphyroblastic mode of origin. If for 
major igneous rock masses this mechanism has 
been acknowledged by a wide segment of geo- 
logists, for the vein rocks it was, so far, con- 
sidered as non-characteristic. In the mean- 
time, the detailed studies conducted by G. 
Goodspeed in the dikes of Cornukopia, and our 
investigations of the East-Transbaykalian vein 
rocks indicate that, at least in these cases, the 
porphyritic crystals are mostly represented by 
porphyroblasts developed at the expense of 
xenoliths during the period anterior to the 
solidification of magma. It is common 
knowledge, too, that for most vein rocks 
highly characteristic is the presence among 
the first-generation minerals of such compo- 
nents as are in sharp disequilibrium with 
respect to the composition of the enclosing 
groundmass. Particularly indicative in this 
sense are the dikes which by their composition 
gravitate towards the lamprophyres, which 
most investigators at the present time consider 
to be formed by contamination. We believe 
that most of the non-equilibrium insets of this 
type, both in lamprophyres and in other dike 
rocks, are indebted for their origin to the pre- 
viously described reactions, and we hope that 
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the identifying features discussed in this paper 
will help to elucidate the role played by the 
examined processes in the genesis of dike 
rocks. 


As to the porphyroblasts which continue to 
grow after the crystallization of the groundmas 
in dike rocks, they have been repeatedly 
described in connection with the muscovitizatio 
and albitization phenomena which have a well 
known epigenetic character. Numerous ex- 
amples are also known of the biotitization of 
dike rocks with widely developed biotite por- 
phyroblasts. The young orthoclase and quartz 
metacrysts are not described for the dike rocks 
Yet, there is no doubt that they play an impor- 
tant role. since we observe them everywhere 
in the elements. These are the growth rims so 
characteristic for almost all quartz insets, and 
the rims forming around orthoclase. 


The xenocrystals which represent fragments 
of wall rocks are also not a unique discovery. 
They may be frequently encountered in the vein 
rocks of the Aldan, Eastern Trans-Baykalia, 
and North-eastern Soviet Union. 


A comparison of the reported data with the 
available materials on the phenocrysts containe 
in holocrystalline igneous rock masses shows 
that for the latter all the enumerated modes of 
phenocryst formation play a most important 
role. A predominant significance is assumed 
some or another of them depending on the geo- 
logic peculiarities characterizing the formation 
of the intrusive rock. Thus, the appearance of 
insets, crystallized from the melt in intra- 
telluric or local conditions in the presence of 
two generations of a given mineral, serves as 
one of the leading indications helping to ascer- 
tain the hypabyssal crystallization conditions. 


The presence of porphyroblasts developed at 
the early stages of the magmatic melt's exist= 
ence in deep-seated conditions was conclusivel} 
demonstrated by A.N. Zavaritskiy and other 
investigators for the granitoid rocks of the 
rapakivi type. The recent growth of orthoclasé 
porphyroblasts in the granitoids was con- 
vincingly substantiated by G.D. Afanas'yev, M. 
S. Katkova, and other authors. Finally, a mos 
interesting example of the presence of xeno- . 
crysts and their role in the formation of intru~ 
sions was described by Ye. K. Ustiyev et al for 
the north-eastern regions of the Soviet Union. | 

Thus, the need for a differentiated approach 
to the phenocrysts of different genetic types _ 
constitutes a matter of major importance not 
only in the cases involving dike formations but 
also for the intrusive rocks in general. 


’ 
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ON THE MAGMATIC NATURE OF THE PLATINUM-BEARING BELT | 


OF THE GABBRO-PERIDOTITE FORMATION OF THE URALS' 


by 
O. A. Vorob'yeva 


The gabbro-peridotite formation of the Urals 
comprises a complex of Paleozoic rocks includ- 
ing dunite, peridotite, pyroxenite, gabbro and 
the more acid members of the formation — 
diorite, syenite, and plagiogranite. The most 
complete information on the basic characteris- 
tics of the structure of the formation has been 
given by B. M. Romanov [9]. 


The gabbro-pyroxenite-dunite belt, known in 
the literature as the platinum-bearing or west- 
ern belt of the formation, represents one of the 
largest syntectonic intrusions of the Caledonian 
orogenic epoch. 


Huge masses of basic and ultrabasic rocks 
have been intruded between strata of the crys- 
talline shales of the Central Ural anticline and 
the extrusive-sedimentary layers of the green- 
stone syncline (Figure 1); in connection with 
this a chain of large massifs (Denezhkin Kamen’, 
Kumbinsk, Kytlymsk, and Tagilo-Baranchinsk) 
was formed on the eastern slope of the Ural 
Range, along its axis. 


The extremely distinct tectonic aspect of the 
gabbro-pyroxenite-dunite belt is the result of 
the introduction of a magmatic melt along a deep 
interformational fracture which is limited on 
the west by the greenstone syncline. Brachysyn- 
clinal structures fixed by the protectonic ele- 
ments of the pyroxenite and gabbro indicate that 
the distribution of the intrusions was controlled 
by the synchronic tectonics of the surrounding 
layers. 


F. Yu. Loewinson-Lessing [8] was the first 
to examine the problem of the origin of the 
ultrabasic and basic rocks of this belt, taking 
as an example the Denekhkin Kamen’. He view- 
ed the ultrabasic and basic rocks as products of 
the separation of the original gabbro magma 
which occurred as the result of magmatic 
differentiation, basing this view on his own 


10 magmaticheskoy prirode platinonosnogo 
poyasa gabbro-peridotitovoy formatsii Urala, (pp. 
23-39). 
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synthetic-liquefaction theory. In his opinion, 
differentiation proceeded up to intrusion and w 
accompanied by the formation of an emulsion 
on a gigantic scale as a result of the partial im- 
miscibility of feldspar and iron-manganese 
liquids. In the process of the migration of a 
similar magmatic melt to the place where its 
cooling and crystallization is completed, the 
separation out of various parts (pyroxenes, 
pyroxene-olivines) and their formation into m 
normal thin layers (banded gabbro) or the less 
normal wedge shapes (schlieren-formed bodies 
of pyroxene) takes place. The dunite, suggests” 
F. Yu. Loewinson-Lessing, was formed in the 
interior of the Denezhkin Kamen’ massif. 


The subsequent presence of veins of dunite i 
the gabbro rocks and pyroxenes caused L. 
Dyupark to surmise that the dunites originated — 
from the heavy liquid which remained after the ~ 
separation of all other components of the originé 
magma in connection with the crystallization of 
the gabbro rocks and pyroxenites. Essentially 
the same view is held by N. K. Vysotskiy who 
has shown that the later intrusion of the dunites 
into the gabbro led to a modification of both 
rocks at the line of contact. 


The metallogenic peculiarities of the dunite 
(platinum, chromium) and its presence as veins 
has led to the suggestion that the dunite was de~ 
rived from an independent magma which separat 
ed during differentiation from the original mag~ 
ma. This idea was subsequently developed by — 
A.N. Zavaritskiy [2], who has suggested that 
the dunite magma was the real magma with the © 
volatile substances diffused in it. According to 
his view, the dunites, a high-temperature min~ 
eral melt, were able to completely solidify the — 
earlier gabbro, a rock of eutectic composition, — 
formed by the fusion of minerals at much lower 
temperatures. The pyroxenes which surround — 
the dunite were viewed by him as a gigantic re~ 
action rim formed by the action of the gabbro of 
the dunite. b 


Great attention has been given to the problem 
of genesis by E.P. Moldavantsev [6]. Inhis — 
work on the Denezhkin Kamen' he expressed the 
opinion that all the rocks of the massif originate 
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from a single basaltic (or andesitic-basaltic) 
magma, which at the moment of intrusion, had 
been differentiated into a dunite magma, isolated 
in the lower part of the original magma body, and 
a feldspar magma, enriched by calcium, iron and 
Silicic acid. These magmas, during the intrusion 
in the period of orogenic movement, moved 
simultaneously along the same intrusion canals 
and were partially mixed. With such a hetero- 
geneous magmatic mass additional separation by 
crystallization was bound to occur inside the 
chamber which it occupied. The dunite bodies 
crystallized out first and later the gabbroid 
rocks. The pyroxenites and wehrlites were 
viewed by him as products of reaction processes 
between the decrystallized dunite and the still 
liquid gabbro magma. 


In 1952, an article by N. M. Uspenskiy appear- 
ed which dealt with the confocal intrusion of the 
Kytlymskiy massif. Init, hypothesis of the 
metasomatic origin of the ultrabasic and basic 
gabbros and pyroxenites of the belt is developed 
for the first time. He writes: ''The whole com- 
plex of gabbro, pyroxenites and dunite repre- 
sents the product of the metasomatic transfor- 
mation of the enclosing rocks.'' The prime 
circumstances upon which N. M. Uspenskiy bases 
his views are as follows: 1) the presence of 
transitional rocks between the shales and the 
gabbro, which are related to the basic migma- 
tites by composition and texture and are called 
by him "kytlymitites", and 2) the conversion of 
pyroxenites to dunite as a result of the replace- 
ment by olivine. 


The denial of magmatism on the growth of the 
gabbro-pyroxenite-dunite belt is easily explained 
from the position of the transformists. The pre- 
sent condition of the geologic and petrographic 
knowledge of the subject does not permit a simi- 
lar conception. Magmatic derivation remains a 
moot question even at the present time. 


We shall examine the principal factors which 
strengthen such an assertion and represent the 
sum of the generalizations which can be made 
from the factual material available. 


I. ULTRABASIC ROCKS OF THE BELT UN- 
LATED IN TIME AND NATURE 


Dunites form the intrusive bodies proper, 
appearing as syngenetic formations within the 
pyroxenes and as typical veins. These dunite 
forms differ not only by the conditions of their 
position and the areas of their distribution, but 
also by several petrochemical peculiarities. 


The strictly intrusive bodies, 1.7 to 28.0 sq 
km in area, are located in the westernmost part 
of the belt. They are surrounded by a more or 
less compact but more often broken rim of 
peridotite-pyroxenite composition and some- 
times over limited areas have direct contact 
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with the gabbro or the surrounding metamorphic 
rocks. The dunites are constituted of magnes- 
ium olivine (9 to 10% Fe2SiO4), accompanied by 
an accessory impregnation of chromite, which, 
besides this, gives rise to significant layered 
agglomerations and fills fractures. Minerals 
of the platinum group are present. 


Syngenetic separations of dunite, from 1 to 
2.8 sq km in size, are situated in conformity 
with the pyroxenites enclosing them. The 
Olivine in them generally contains a moderate 
amount of fayolite (18% Fe SiO4), the amount of 
chromite is decreased, although layers of it 
exist interbedded with platinum. Veins of 
dunite are known within the pyroxenite and gab- 
bro. They are composed of olivine, approxi- 
mating in composition the olivine of the dunite 
from independent bodies, but the chromite con- 
tent is eliminated; platinum exists in very small 
quantities. The largest veins were observed on 
the Denezhkin Kamen! far from the dunite body 
of Zheltaya Sopka. They lie in olivine gabbro 
and along vein casings, either forming a narrow, 
laminated pyroxene-peridotite edge, or present- 
ing a gradual transition from dunite to peridotite 
(wehrlite). The dunites, independent of their 
form and conditions of repose, are chemically 
similar which one would expect of similar 
monomineral olivine rocks. ‘The influence of 
the Ucay composition of olivine is affected to a 
known degree by one or another degree of 
serpentinization. Nevertheless, on the basis of 
chemical analyses of the dunite, carried out at 
different times and by different investigators, 
it may be concluded that the variations in the 
amount of the principal acids contained in the 
magma has had great genetic significance. 


Although FeO generally dominates over 
Fe 03, the proportion of one to the other varies 
considerably, undoubtedly reflecting the char- 
acter of the serpentinization. Thus, in the 
strongly serpentinized dunite of the Solov'ev 
mountains (analysis 3, H2O — 11. 68%), re- 
vealed by the same erosional cut, the amount 
of Fe9O03 closely approaches the amount of 
FeO, while in these same dunites at a depth of 
500 m (analysis 4, H2O — 1. 34%) iron in the 
oxide form is absent. Iron oxide is fixed in 
seconary magnetite which has accompanied 
serpentinization. 


The important characteristic of the chemical 
affinity of the dunites appears to be the ratio of 
MgO to FeO. This value changes markedly 
along the strike of the belt: for the dunites of 
Zheltaya Sopka (on the north) it amounts to 
7.7%, while for the dunites of Solov'evy Moun- 
tain (on the south) it is 17.7%, reflecting clearly 
the important role of magnesium. Similarly 
noteworthy are the characteristics of the chemi- 
cal composition of the chromite which has dif- 
fused out of the juxtaposed dunites. The chro- 
mite of Zheltaya Sopka contains Or7203 — 


47. 49%, MgO — 16.45%, FeO — 22.13%. The 
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Table 1 | | 


Chemical composition of dunites 


FeO+Fe.0; 


1. Zheltaya Sopka. Denezhkin Kamen' (E.P. 
Moldavantsev). 

2. Gladkaya Sopka, Kumbinsk massif (L. Duparc). 

3. Solov'ev Mountain, Tagilo-Baranchinsk massif 
(average of 4 analyses). 

4, Solov'ev Mountain, from a depth of 500m. (A. 
N. Zavaritskiy). 

5. Veins in the gabbro of Denezhkin Kamen' (O.A. 
Borob'eva). 


' 
| 
. 


chromite diffused out of the dunites of Solov'ev 
Mountain have about the same amount of 
chromium (47.77%, an average of three deter- 
minations), but the ratio between MgO (10. 46%) 
and FeO (18. 05%) is disturbed on the side where 
the accretion of iron is significant. On the 
whole, a conjugate change occurs in the com- ~ 
position of the olivine (at an earlier stage of 
crystallization) and the chromite (at a later 
stage of crystallization); in the northern part of 
the gabbro-pyroxenite-dunite belt, the olivine — 
from the dunite contains more iron, while in the 
chromite magnesium is increased; for the south 
ern part a reverse relationship occurs. The 
dunite consists only of olivine and chromite, : 
thus the noticeable change in composition is one 
of the proofs of the existence of a magmatic 
melt. 


The pyroxenites, like the dunites, are non~ — 
contemporaneous and, along with large spearate 
bodies, form veins and syngenetic, banded 
layered inclusions in the gabbro. N.K. Vysot-— 
skiy has described vines of pyroxenite in dunite. 
In a few places vein formation became more _ 
frequent, and now they are known to exist 
among dunite, pyroxenite and gabbro. i 

The fine-grained pyroxenite streaks which I 
observed in 1952 intersecting the pyroxenite of 
the Kachkanarsk massif and the schlieren-type 
accretions of titanomagnetite found in them be- 
long apparenily to the latest feature formed, 
aplite separations. 


The large intrusive pyroxenite bodies prope 
form in combination of broken pyroxenite zone 


{ 
al titanomagnetite mineralization, east of the 
i)mite-bearing dunite. They occur predomi- 
“ly in the gabbro, but in places they make 

yct contact with the surrounding rocks of the 
They all belong to contemporaneous- 
mH rmed, but heterogeneous formations. The 
able in composition (diallagite, olivine 
agite, cosvite, feldspar pyroxenites, horn- 
€ pyroxenite) and structure (fine-, 

ium-, and coarse-grained, pegmatoid, 
hyritic). 


he basic feature of the change in the pyro- 
ite zone along its strike is the reduction of 
srea of development of olivine variations 

§h have predominantly fine- and medium- 
ined texture. Simultaneously, the role of 
Mliallagite increases, in which occurs coarse- 
‘ned and porphyritic varieties. Very con- 
iMiable bodies of dunite occur among the 
i)xenites of the Veresovsk Ridge (Denezhkin 
(.en'), Kos'vinsk and Tylay-Konzhakovsk 
.en' (Kytlymsk massif), while to the south, 
s.e Kachkanarsk and Tagilo-Baranchinsk 
@sifs, numerous bands and lenses of olivinite 
#1 titanomagnetite) and peridotite-whehrlite 
ace them. 


iq 


Whave traced, from north to south, olivine 
f/xenite which contains olivine and pyroxene 
s2.€ same rock variety but from different 
@sifs. It appeared that the composition of 

'S these minerals was changed without ex- 
ion on the side where iron content increased. 
js, the refractive indices monoclinal pyro- 
i: of the northern bodies are: Ng — 1.717, 
J- 1. 685 (maximum values), and in the 

ern bodies - Ng — 1. 723, and Np — 1. 697 
isimum values); the olivine correspondingly 
Hains 24 and 32% Fe2Si04. 


the spatial distribution of pyroxenites of 
rent grain size and with varying olivine con- 
® coarse and fine banding is present, though 
not always obvious. The intrusive pyroxene 
Hes proper belong to earlier formations than 
fzabbro, a fact which is attested to by 1) the 
ence of veins of gabbroid rocks in the pyro- 
ites of the Veresovsk Ridge, Kachkanar and 
ix places; b) the penetration of feldspars into 
Hyroxenite (feldspar pyroxenite, tylaite) on 
ac contact with the gabbro, as this takes place 
jae Tylag-Konzhakovsk Kamen’, Sinyaya 
“ntain and at other points. 


iit 


(he pyroxenites of the layered inclusions, 
fh are sygenetic with the gabbro, are more 
frogeneous, which is emphasized by the pre- 
Ise of clear banding. This type of formation 
dely known, beginning in the Denezhkin 
jen’ where longitudinally attenuated bodies 
Itrabasic composition in which streaks con- 
jing varying degrees of pyroxene and 

line alternate are present in a series of 
‘cipal exposures. 


1 
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O.A. VOROB’YEVA 


In the region of the Borovsk and Vasil'yevsk 
Kamen' (Kytlymsk massif), differentiated bodies 
contain pyroxenite in laminated formation with 
peridotite. The most interesting of such pyro- 
xenite bodies are in the Tagilo-Baranchinsk 
massif. In part, the pyroxenite body of 
Shikhval'niy Mountain, which strikes in a 
longitudinal direction, is a differentiated rock 
complex, consisting of conformable olivine and 
non-olivine pyroxenites with a certain amount of 
feldspar. Peridotites are present to a lesser 
degree. Between the pyroxenite and the sur- 
rounding gabbro, is a gradual transition through 
the feldspar pyroxenite series. The pyroxenite 
bodies of Vasil'evsk Mountain are also hetero- 
geneous and belong to a complex formation of 
peridotite-pyroxenite composition. South of the 
Vasil'yevsk Mountain are the banded peridotite- 
pyroxenite bodies of Eleva Mountain radiating 
from the Vyya River and sharply attentuated in 
a longitudinal direction. On Eleva Mountain it 
can be seen that in the western half of the body 
there is much olivine and strongly serpentinized 
rocks (peridotite, olivine pyroxenite, possibly 
Olivinite) predominate, while in the eastern half 
the degree of serpentinization is less and pyro- 
xenite with varying amounts of olivine are 
dominant. The largest Visimsk streak of pyro- 
xenite-peridotite composition is conformable 
with the surrounding gabbros and also strikes in 
a longitudinal direction. Here the pyroxenites 
and peridotites, and in places olivinites, are 
confromably interstratified, forming a banded, 
differentiated body. 


Within the limits of the Denezhkin Kamen’, 
Kumbinsk and Kytlymsk massifs, banded com- 
plexes including gabbro are quite widely dis- 
tributed. Thus, to the southwest of the highest 
point of the Denezhkin Kamen' and on the south- 
east slope of the Sharpinsk Sopok are rather 
thick extrusions of pyroxenite, which in several 
places are closely interbedded with the gabbro. 
The northeast strike and eastern dip of the 
pyroxenites are completely conformable with 
the position of the gabbro. Banded zones of 
gabbro-pyroxenite result. On the boundary of 
the pyroxenite and the gabbroid rocks transi- 
tional varieties appear - melanocratic rocks 
with small quantities of feldspar (feldspar 
pyroxenite or melanocratic gabbro). A similar 
banded complex was also traced by N. V. 
Samoylov on the interfluve between I and II 
Malaya Supreya. Here, transverse to the strike 
over a distance of more than 50 m olivine pyro- 
xenite, feldspar pyroxenites and olivine gabbros 
repeatedly alternate with one another. 


In the northern part of the Kumbinsk massif, 
a banded rock complex was also observed by 
E. V. Sveshnikov [10], consisting of pyroxenite, 
plagioclase-olivine pyroxenite, melanocratic 
grabbros and troctolites forming large bands 
and lenses within the medium-colored gabbros. 


Within the bounds of the Kytlymsk massif the 
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most interesting exposures of such banded zones 
of pyroxenite and gabbro are found close to the 
peak of Vasil'yevsk Kamen’. Here the urual 
pyroxenites are interbedded with the dark-, 
medium-, and light-colored normal form of 
gabbro, sometimes with a small amount of 
Olivine. 


The banded structure of the pyroxenite is a 
very important characteristic. On the basis of 
field observations we have come to the con- 
clusion that the banding is original and 
originated at depth. In many respects, having 
analyzed the suggestion of F. Yu. Loewinson- 
Lessing, we admit the separation of the hetero- 
geneous magmetic melt into layers while still 
in a liquid and partially viscous state during the 
active movement into the intrusion chamber. 


It is impossible to deny that the problem of 
formation of the banded intrusive complexes is 
very complicated. We fully acknowledge that 
without special studies in this area it is diffi- 
cult to present more or less incontrovertible 
arguments. Nevertheless, in the present situ- 
ation it may be asserted that the banding of the 
Ppyroxenite under examination is of magmatic 
origin. Corroboration of this statement may be 
seen in the following: 


1. The principal elements of the banding are 
small streaks of rock containing the same kinds 
of minerals: pyroxene, olivine, plagioclase. 


2. The sharp contrast between the iron- 
magnesium and feldspar (Ca, Al) parts. 


3. The banding is intrinsic to the pyroxenites 
which have been formed within the general tec- 
tonic situation, but have become somewhat 
separated over time, intrinsic, that is, to the 
intrusive bodies themselves and to the striae in 
the gabbro, with a corresponding change in the 
composition of the layers (streaks). 


4. The pyroxenites of the strictly intrusive 
bodies having a banded structure differ in their 
chemical affinity from the pyroxenites which 
have formed edges around the dunites of the 
Zheltaya Sopka, Gladkaya Sopka, and 
Solov'yevsk Mountain, as is evident from the 
diagram by A.N. Zavaritskiy (Figure 2). On 
the other hand, the chemical affinities of the 
pyroxenites of streaked bodies in gabbro are 
not so stable where iron, magnesium and 
calcium are concerned. The influence of the 
gabbros is felt more strongly in streaked bodies 
of small size. 


The marked peculiarities in the banded pyro- 
xenites may be the result of changes in the mag- 
matic melt itself, the reason for which, in our 
opinion, is the liquefaction-kinetic process of 
differentiation. 
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FIGURE 2, Diagram of the chemical 
composition of pyroxenites, according to 
A.N. Zavaritskiy 


White circles - pyroxenite of the intrusive 
bodies proper; black circles - pyroxenite from 
around the edges of the dunite bodies; tri- 
angles - vein pyroxenites 


Il. OLIVINIZATION OF PYROXENITE 
WITH THE FORMATION OF PERIDOTITES 
AS A METASOMATIC PROCESS OF THE 
MAGMATIC STAGE 


During the past few years, S. V. Moskaleva 
and I, independently of one another, have de- 
clared olivinization of pyroxenite to be a meta- 
somatic process, but we have treated it differ- 
ently. 


S. V. Moskaleva, accepting N. M. Uspenskiy's 
proposition about the metasomatic origin of the 
rocks of the gabbro-peridotite formation of the 
Urals, considers that the outermost members 
of the hyperbasic series (dunite and peridotite) 
originated later than the pyroxenite, as a result 
of the olivinization of pyroxenite. Olivinization 
is given universal significance as one of the 
stages of the metasomatic transformation of the 
encasing layers in ultrabasic and gabbroid rocks 


In 1952 on the Kytlymsk massif I was fortunat 
to observe a very unusual instance of olivinizatic 
due to the direct action of dunite (the lovsk body 
on the Tylay-Konzhakovsk Kamen’) on pyroxen= 
ites resulting in the formation of peridotite. In 
my opinion, olivinization is a metasomatic 
alteration of the magmatic phase and is limited 
by contact zones. 


O.A. VOROB’YEVA 


The conditions and attitude of the Iovsk 
imites permits them to be viewed as a forma- 
On, syngenetic with the pyroxenites, with 

ich they lie conformably in a steeply dipping, 
ick stratum with dome-shaped bulges. 


In the principal exposures on the slopes at 
1 elevation of 1271 m direct contiguity of the 
jinite and the pyroxenite is observed. At first 
Jance, attention is attracted to the rather 
“}arked contact, on one side of which is dark 
j1d coarser-grained pyroxenite, and on the 
her of which appears fine-grained dunite, 
;ided in with unaltered yellow-green olivine. 


| On closer examination it appears that the 
‘)inites have penetrated into the pyroxenites and 
five partially replaced them, forming banded 
did spotted zones of interaction, the petro- 
ataphic structure of which has the following 


| 


obsential features: 


‘| 2. The zone of interaction, about 1.5 m 
dick. 


{4 1) At a distance of 1 m from the line of con- 

-yct, dunites occur with somewhat larger grains 

i) Olivine; the percentage of chromite in them 

6 markedly lower, and resorbed pyroxene 
rystals appear (specimen 71). 


| 2) The dunite at a distance of 0.6 m from 
ie line of contact is of a relatively fine-grained 
aiture and is formed of aggregates of yellow- 
-een unaltered olivine. Within the olivine 


Sicirted and penetrated by the olivine. In some, 
Se features of the large (1.5 x 2 x 1.0-1.5 cm) 
Jiort-prism pyroxene crystals are preserved, 
Mit more often, the skeletal forms remain. 


7 3) Inthe dunite at a distance of 0.3 m from 

le line of contact, more pyroxene crystals 

fizgin to appear, standing out clearly from the 

Wne-grained mass of yellow-green olivine like 

Worphyritic impregnations, since they preserve 
me degree of idiomorphism (specimen 2). 


( 4) Along and close to the line of contact may 
4> traced an olivine-pyroxene rock (peridotite) 
¥ mottled texture with a high degree of impreg- 
Gation by ore minerals. Shattered fragments of 
~ismatic pyroxene penetrated by varying 
ounts of olivine form the background of the 
Sck (specimen 3). In places where the fabric 
© the pyroxenites has not been destroyed, the 
livine is found in fine injections and actively 
s2>netrates cracks in the pyroxene crystals. 
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Similar particles, basically of pyroxenite com- 
position, are separated by olivine having the 
from of short, discontinuous lenses or irregular 
blotches in which various pyroxene crystals or 
small agglomerations of them are scattered. 
Here the pyroxene is intensively pitted with 
Olivine. The dense intermixing of olivine and 
pyroxenite particles gives a spotted-banned 
effect and causes its composition to stand some- 
where between dunite and pyroxenite with Ol:Pyx 
ratios ranging from 1:1 to 1:3. 


5) The olivine pyroxenite at a distance of 
0. 2 m from the line of contact is close to the 
Pyroxenites which are included in the lovsk 
dunite body, differing only by its high content of 
Olivine, which forms thin bands and small 
blotches (specimen 4). 


6) The olivine pyroxenite at a distance of 
0.5 m from the line of contact represents a 
rather usual variety of comparatively coarse- 
grained pyroxenites of the Konzhakovskiy 
Kamen'. Fine-grained concentrations of olivine 
or thin discontinuous chains of somewhat larger- 
grained olivine are present. Under the micro- 
scope it is apparent that the olivine penetrates 
the pyroxenite along cracks, frequently replac- 
ing the pyroxene. 


3. The pyroxenite (specimen 68) at a distance 
from the contact is externally not very different 
from the olivine pyroxenite in specimen 5, al- 
though there is less olivine and more magnetite 
in it. 


The changes in the dunites and pyroxenites 
which were observable with the naked eye were 
also noted by calculations of their mineral com- 
position. Pyroxene increases from 2 to 19. 31% 
in the dunite, while chromite decreases sharply 
from 8. 3 to 0.93%. The pyroxenite of the inter- 
mediate zone contains rather much olivine 
(15. 5 to: 23. 3%), but magnetite, of which there 
is usually 12. 43% in olivine pyroxenites, is al- 
most absent. The blotchy olivine pyroxenite 
rocks stand out in composition, rather resem- 
bling peridotites with a maximum olivine con- 
tent of 34.8%. By comparison with the pyro- 
xenites and dunites around them, they contain a 
high percentage of ore minerals (3. 7%) and sec- 
ondary formations are more important (a 
significant amount of mica and chlorite forming 
hornblende). 


Changes have been defined in the composition 
of the rock-forming minerals themselves. ‘The 
olivine appears more magnesian (Ng = 1. 689) in 
the dunites which are far from the line of con- 
tact, while it becomes increasingly fayolitic as 
the line is approached (Ng = 1. 702-1. 710). 


The composition of the pyroxene is sharply 
broken down as its iron content decreases (Ng = 
1. 692) only in the dunite at the contact, where it 
generally is strongly resorbed. In the olivine 
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pyroxenite (specimen 3), the pyroxene differs 
little in its optic properties (Ng = 1. 706) from 
the pyroxenes outside the pyroxenite contact 


zone. 


Chromite and titanomagnetite are of interest 
since chromite is the basic feature of dunite 
mineralization, and titanomagnetite of pyro- 


xenite mineralization. Their behavior has 


genetic significance. In the dunite farthest from 
the contact zone, (specimen 71) only primary 
chromite is present. This is also found in the 
dunites close to the contact, but to a lesser de- 
gree and in smaller concentrations. Particles 
of titanomagnetite are observed infrequently. 


In the olivine pyroxenite (specimen 3) a new, 


reprecipitated form of chromite developed 


which occurs mainly as very irregular grains 
attached to the seams of fragmented silicate 
minerals. The quantity of titanomagnetite is 
increased in the form of small, irregular fine- 


grained conglomerations. 


In the pyroxenites outside the contact zone 
(specimens 4, 5) titanomagnetite does not ap- 
pear, but almost all the pyroxene is pierced by 
plates of ilmenite which form great clusters. 


Table 


Ore grains consist of chromite. There are 
some large grains of it, but small grains pre- 
dominate, being distributed in clusters. Ata 
distance fromthe contact, the pyroxenite, as 
usual, contains only large grains of titanomag- 
netite, along with green spinel. 


Megascopic data support field observations 
about the activity in the contact with the dunite 
and their evident action on the pyroxenite. 


The alterations noted above were reflected in 
the chemical analyses (Table 2). It is interest- 
ing to note that the olivine pyroxenite closely ap- 
proximates the pyroxenites, but not the dunites, 
in chemical analyses, its content in the pyro- 
xenites of the contact zone (Table 2, specimen 
5) reaches 0.54%, then, as usual in pyroxenites, 
there is only an insignificant admixture of 
chromium. The principal feature of the zone of 
interaction of the dunites and pyroxenites is the 
increase in the amount of iron (Table 2). 


Let us dwell a bit on these metasomatic 
phenomena, which accompany the direct contact 
of the lovsk dunites which may have been in the 
liquid state for a longer time than the crystal- 
lized; but incompletely consolidated pyroxenites 
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Chemical analyses of dunites and pyroxenites 


Dunite 
Oxides | Specimen 
71) 


Zone of interaction* 


SiO, 39.85 _ 
TiO, 0.006 
Al.Os 0,47 
Fe.Os3 1.86 
FeO 11.84 
MnO 0.18 
MgO 45.35 
CaO [Not det'd. 
Na,O i 
K,O '! 
H,O- 0.06 
H,O+ 0.70 
CreO3 0.09 
V.0, | Not det'd. 

j wt 
CoO fiir ace 
COz 


" 


Metasomati- Olivine- 
cally alter- bearing 


Dunite i F 
(specimen (uibyns. ee DYE GEnHtS 
2) xenite rock: (specimen 
specimen 3) 5) 
39.20 48.28 50.68 
0.07 0.39 0.26 
1.20 2.95 1.60 
2.80 3.14 1.64 
7.87 9.99 3.88 
0.17 0.15 0.07 
44.10 18.42 20.15 
1.80 20.17 20.86 
Not det'd. Not det'd. Not det'd. 
0.32 0.30 0.24 
2.00 0.20 0.30 
0.70 0.19 0.54 
Not det'd. Not det'd. Not det'd. 
0.07 i 0.05 
0.04 Traces 0.05 
0.30 0.30 Not det'd. 
Not det'd. Not det'd. Wy 


P,O; 0.01 " " " 
Total | 100.386 | 100.64 100.18 100.32 


*The most varied dunites (with little relict pyroxene) and 
pyroxenites (with high olivine content) from the zone of inter- 


action were analyzed. 


Dap 


direct contact, and acting on the pyroxenites. 


i, 


——_-. -2 >» ae 


from the pyroxenite around it. 
/ gations indicate that they form an initially 

) laminated syngenetic complex, in which pyro- 
— xenite predominates. 
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surround them. The dunite melt did not pene- 


| trate deeply, circulating only in certain cracks 
i] formed by cooling along the boundary of the 


The changes in the composition of the co- 


existent mineral groups (olivine and pyroxene) 
#, and of the proportion of iron in them are the 
/ Most important features of metasomatic re- 


placement. Here an example of isomorphic 


| Metasomatic replacement is observed (D. S. 

@ Korzhinskiy [4, 5]); in the monovarient associa- 
} tion olivine-pyroxene, FeO is isomorphic with 

i) MgO. The geochemical mobility of the magnes- 
i ium and especially of the iron in the contact 


zone of perhaps viscous liquid dunite melt and 


| the pyroxenites, which appear in the solid 

) phase, gives a basis for the assumption that 
| metasomatic replacement occurred at rather 
}, high temperatures. 


In such a large crystallized pyroxenite mass 


? as the Tylay-Konzhakovskiy body, local separa- 
@ tion of the magnesium (dunite) melt proper, 

‘ which reacted on the included monomineral 

# (pyroxenite) rocks of related composition, may 
# have occurred. 


The metasomatic alteration of the pyroxenite 


® represents clearly its olivinization, which 
* originated in the magmatic stage. 
© possible by time or mode of formation to con- 


Leis ian 


trast and sharply distinguish the lovsk dunite 
Field investi- 


Areas of monomineral olivine rocks (dunites) 


/ exist within the structure of banded complexes 


and their later solidification as pyroxenite rocks 


| does not occur randomly in the gabbro-peridotite 
formation of the Urals. 
) peculiar correlation between the dunites and 

| saxonites of Ray-Iz, which were observed and 
described by A.N. Zavaritskiy [3]. 


We are reminded of the 


The initial lamination of the partially dif- 


'ferentiated ultrabasic magma might occur with- 


in the intrusion chamber, in which case the 
separation through time of the block of pyro- 
xenite and olivine rocks can hardly have been 


| great. 


The second conclusion which may be drawn 
from the observations of the olivinization con- 
cerns the genesis of the peridotite. During the 


- Olivinization of the pyroxenite, rocks are formed 
_ which are of a transitional olivine-pyroxene 
composition, in places resembling peridotite. 


The question arises whether the peridotites are 


- not metasomatic forms of the gabbro-pyroxenite- 
_ dunite belt. 


This question is a natural one is we consider 


the following: 
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1. Within the belt large independent bodies 
of peridotite similar to the pyroxenite and dunite 
are not known. 


2. The peridotite as a rule enters into the 
composition of the rim which surrounds the 
dunite masses proper. 


3. The peridotites occur within the structure 
of the banded and streaked bodies of pyroxenite 
and gabbro, predominating in those places where 
monomineral olivine striae (olivinite) are also 
present. 


4, The peridotites which are found in the 
banded structure of the intrusive and striaform 
pyroxenite bodies proper, are distinguished by 
their chemical properties, preserving the gen- 
eral chemical form intrinsic to the pyroxenite 
and olivinite which they accompany. 


The unique aspect of the peridotites and the 
characteristics of their composition attest to 
the fundamental conditions of their formation. 

It seems to us that the process of olivinization 
of the pyroxenites and the genesis of the perido- 
tites may be closely associated. 


Ill. THE SPATIAL DISTRIBUTION OF 
GABBROID ROCKS AND THE TENDENCY 
TOWARD THE SEPARATION OF THE INNER 
AND OUTER PARTS WITHIN DIFFERENT 
MASSIFS 


The appearance of gabbroid rocks is con- 
nected with the principal phase of intrusive 
activity. In the northernmost massifs (Dene- 
zhkin Kamen’, Kumbinskiy and Kytlymskiy) a 
rather apparent coordination is observed be- 
tween the olivine and pyroxenite (partially amphi- 
bolized) gabbro with the inner parts, and of the 
gabbro-norite, hypersthenic and biotite-hyper- 
sthenic gabbro with the outer (front and top). 


There is reason to suggest that also in other 
massifs, rocks which have been enriched by 
hypersthene and biotite, are associated with the 
outer parts, lateral contacts, roof depressions, 
although a small amount of hypersthene exists 
also in the gabbro of the interior fraction. 


The gabbro of the interior fraction occupying 
a considerable area within all the massifs, fixes 


’ by its nature the fundamental composition of each 


of these massifs. 


The existence of interior and exterior frac- 
tions of gabbro is corroborated also by their 
chemical properties. In the diagram by A. N. 
Zavaritskiy (Figure 3), the average composi- 
tions are plotted calculated from 40 chemical 
analyses. The gabbro of the inner parts gives 
a vector field with a varying content of dark- 
colored minerals, so that the points for the 
gabbro of the northern massifs are located 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. 


FIGURE 3. 
ee of gabbroid rocks, 
to A.N. Lavariitskiy 


Diagram of the chemical 
according 


Vhite circles - hypersthene, biotite gabbro and 
gabbro-norite of the outer parts of the mas- 
sifs; black circles - olivine, pyroxene gabbro 
of the inner parts of the massifs 


higher than the points for the gabbro of the 
Tagilo-Baranchinsk massif, in which the dark- 
colored part is increased. In our opinion, the 
aspect of the vector field reflects the evolution 
of the magmatic melt. 


The second group of points, representing the 


composition of the outer parts of the massifs, is 


located farther from the line SB, forming an in- 
dependent field where the vectors are more 
clustered. The possibility of some influence by 
the phenomena of assimilation and hybridization 
is not excluded; here also the tendency of the 
growth of the dark-colored part in the gabbros 
of the Tagilo-Baranchinsk massif is preserved. 


The gabbroid rocks of the interior parts of 
the massifs, by comparison with those of the 
outer are poorer in silica and alkalies, and are 
somewhere between salic and femic in composi- 
tion. Judging from the left part of the diagram 
they are more calcitic, but in the alkalies 
sodium predominates over potassium. 


A change in chemical properties from the 


» inner to the outer parts of the massifs is re- 


flected in the quantitative relationships between 
the principal rock-forming minerals and the 
fixed ratio in their composition. In the outer 
parts of the massifs, with a general increase 

in the plagioclase content, its basicity de- 
creases; the amount of olivine diminishes, but 
the iron content grows and, along with chryso- 
lite (Fe9SiO4 from 24 to 34%), hyalosiderite 
(Fe9SiO4 to 43%) appears. Monoclinal pyroxene 
from olivine gabbro is rather stable in its 
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FeSiO3 content, while for the more acid gab- 
broids of the outer fractions, a notable fluctua- 
tion is observed. The hypersthene in the olivine 
gabbro contains less iron that contained in 
hypersthenic gabbro and gabbro-norite. 


The presence of gabbroid rocks in the inner 
and outer fractions, the chemical properties and 
the mineraologic composition attest to the fact 
that the exclusion of the possibility of a mag- 
matic origin is hasty. 


IV. CHANGE IN THE CHEMICAL 
PROPERTIES OF THE GABBRO- 
PYROXENITE-DUNITE BELT 


This change is associated with the magmatic 
nature of the belt. The dunites belong to the 
earlier stage of intrusive activity. We may 
speak of a change in their chemical properties, 
although a simple comparison of the analyses 
has little significance for this purpose because 
of the great amount of serpentization of the 
rocks. We have already touched upon this prob- 
lem and have noted a certain strengthening of the 
role of magnesium along the strike of the belt in 
weak juxtaposition with the altered dunites of the 
Zheltaya Sopka and Solov'ev Mountain (from a 
depth of 500 m). At the same time, attention 
was turned to the parallel change in the ratio of 
MgO to FeO in the olivine itself. 


Among the pyroxenites, according to the 
conditions under which they were formed, there 
are: a) important bodies older than the gabbros 
and b) syngenetic separations with streaks and 
bands of gabbro. The average chemical com- 
positions of these and other pyroxenites are 
rather similar (Table 3). 


However, with almost the same calcium con- 
tent in the pyroxenite of the bands, the amount 
of magnesium diminishes somewhat, while the 
iron oxide increases. A clearly expressed 
tendency toward a decrease in the silica and an 
increase in the alumina is noticable with the 
transition from the large pyroxenite bodies to 
striae. 


The composition of the main rock-forming 
minerals reflects the variations in the general 
chemical properties of the rocks. In the 
olivine fromthe pyroxenite striae the amount of 
fayolite increases, while in the pyroxene the 
amount of hedenbergite is larger (Table 4). 


From the table it is evident that the iron con- 
tect of the pyroxene in the large independent 
pyroxenite bodies increases along the strike of 
the belt. Thus, for the more southerly pyro- 
xenite bodies of the Kos'vinsk and Konzhakovsk 
Kamen' the CaFeSi206 content varies from 19 ta 
27, while for the more northerly one (Pikhtov | 
and Veresov ridges) it does not exceed 19%. It 
might be added that the refractive indices of the? 


bodies 
(average of| (av. of 6 


Oxides 


‘pyroxene from the Sinyaya Mountain pyroxenites 
(the southernmost body studied by us) is still 
higher: Ng = 1. 709 to 1. 716, while Np = 1. 682 


| Since the pyroxenites consist in the main of 
(monoclinal pyroxene, there is good basis for 
assuming a definite change in their chemical 
Properties in the transition from one genetic 
type to another as well as along the strike of 
the belt. 


_ For the gabbroid rocks which belong to the 
‘main period of intrusive activity, a change along 
the strike of the belt (in a longitudinal direction) 
is rather characteristic. At the present time it 
‘may be assumed that a conjugate change occurs 
‘in the gabbros of the inner and outer parts of 
the massifs. The natural result of such a 
‘Situation is the replacement of the olivine by 
pyroxene, the subsitution of biotite for hyper- 
‘Sthene, the reduction in the basicity of the 
Plagioclase, an increase in amphibolization, 

and a number of other phenomena. 
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PyroxenitesPyroxenite 
from large |from band- 
ed layers Guides 


13 anal.) | analyses) 


Pyroxenites from large bodies 


to 1.689, which amounts to 23 to 34% CaFeSi206. 
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Table 3 


Chemical composition of pyroxenites 


yroxenites| Pyroxenites 
from large | from band- 
bodies ed layers 
(average of] (av. of 6 
13 anal. ) 


Table 4 - 


Refractive indices of olivine and pyroxene and the percentages 
represented by fayolite and hedenbergite 


Pyroxenites from banded layers 


Refracture 
indices of Pikhtov and Kos'vinsk and Kulakovsk and Semichelovech, 
olivine and Veresov Konzhakovsk Konzhakovsk Kazansk, and 
pyroxene ridges Kameni Kameni Vasil'evsk Kameni 
Ng 1.709 1.707—1 .709 | qe 7A 1.712 
Np 1.672 1.670-—1 .672 1.679 1.679 
Fe,SiO, 19% 18—19% 20% 20% 
Ng 1.704—1.706 1.706—1.712 1.708—1.716 1.709—1.715 
Np 1.676—1 .679 1.676—1.684 1,.680—1 .685 1.680—1 .685 
CaFeSi,Og¢ 16—19% 19—27% 22—34% 22—32% 


There is a significant contrast between the 
chemical affinites of the olivine gabbros of the 
inner parts and the gabbro-norites of the outer 
parts of the Denezhkin Kamen’ and Tagilo- 
Baranchinsk massif, i.e., along the strike of 
the belt. In the olivine gabbro the percentages 
decrease of SiO (42. 87 to 41. 89%), of Alg03 
(19. 97 to 17. 84%), and of CaO (16. 31 to 15. 63%), 
and the rock takes on a darker hue. The same 
properties are preserved relating to chemical 
affinity also for the gabbro-norites of the 
juxtaposed massifs. Thus, for the gabbro- 
norites of the Denezhkin Kamen' SiO2 — 48. 34%, 
Al903 = 18. 68%, and CaO = 12. 00%, while for 
the Tagilo-Baranchinsk massif the average 
values are SiOy = 47. 96%, AlgO3 = 17. 48%, and 
CaO = 10. 78%. These figures illustrate com- 
pletely the course of the change in chemical 
properties, since the rocks examined belong to 
the single main period of formation of the 
gabbroid massifs. 


A particular stamp was also laid upon the 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. 


character of metallogenesis. Let us take, for 
an example, the titanomagnetite ore impregnated 
into the gabbro which in the northern massifs is 
accompanied by an infignificant dissemination of 
chalcopyrite and pyrrhotite. Beginning with the 
Kytlymsk massif and especially in the Tagilo- 
Baranchinsk, copper sulphides play the most 
important role as chalcopyrite and bornite. In 
the titanomagnetite, the ratio between the 
titanium and the vanadium is upset. In places, 
apatite appears in large quantities. Somewhat 
earlier an important streak of chromite-bearing 
dunites was noted. 


The characteristics of the metallogenesis, 
the chemical properties of the rocks and min- 
erals are, in our opinion, closely related to the 
tectonic nature of the greenstone syncline. 
Along its strike a change occurs in the char- 
acter of these tectonic structures which are 
steep to the south and more gently sloping to 
the north. In the Urals, with their complex 
geologic history, magmatic masses inevitably 
took part in the tectonic movements. The struc- 
tural-tectonic position during the development 
of the magmatism not only might have imposed 
its stamp on the spatial relationship of the 
dunites, pyroxenites and gabbros, but also 
might have determined the characteristics of 
their composition. 


V. INJECTION CONTACTS AS A RESULT 
OF INTRUSIVE ACTIVITY 


At the beginning of the current century L. 
Duparc [12] described some very unusual 
plagioclase-pyroxenite rocks, which he called 
“tylaites". In his words these dark-colored 
rocks were similar to pyroxenites, but could 
not be simple in their variation. Proceeding 
from this correct assumption, with which we 
are in complete agreement, L. Duparc describes 
tylaites as a special rock type, not dwelling how- 
ever, on their genesis. 


During a traverse in the Kytlymsk massif, I 
observed tylaites first hand. On the southwest 
slope of the Tylaisk Kamen’, a special traverse 
was carried out (extending 1.5 km) through the 
zone of interbedded pyroxenite, olivinite (dunite) 


0 500 1000 


Eds 


FIGURE 4, 


and tyalite. Here two bands of tylaite were kep 
separate (Figure 4). The first of these, the 
thicker (southwestern), is found at the contact « 
the Tylay-Konzhakovsk pyroxenite body and is 
represented by coarsely banded tylaite. The 
second, having an interior position to the north 
east, is composed mainly of pyroxenite with thi 
plagioclase injections. 


The degree of plagioclase enrichment and th 
character of its separation are reflected in the 
composition of the pyroxene and olivine (Table 
9): 


A strengthening of the role of plagioclase in 
the tylaites is accompanied by an increase in th 
refractive indices of various minerals. 


I relate the tylaites to injection contact for- 
mations by the following characteristics: 


1. The tylaites are observed in the periphex 
parts of the large intrusive bodies (Kos'vinsk ai 
Tylay-Konzhakovsk) close to the contact. 


2. The zones of tylaite development are ap- 
parently areas of tectonic activity. The phe- 
nomenon of granulation is very strong in places 
even the scales of the later-formed plagioclase 
are sometimes bent, while the pyroxene and 
especially the olivine are transformed into fine 
grained aggregates. The crypto-structure of 
the tylaites described by L. Duparc and F. 
Pearce apparently is the result of pressure 
acting on the rock, as the pyroxenites are com- 
pressed, forming a kind of vice, the center of 
which is filled with feldspar. 


3. The tylaites, very dark-colored rocks, 
consisting primarily of crystals of monoclinal 
pyroxene and interbedded fine-grained plagio- 
clase are evidently younger. The connection be 
tween the tylaite and the pyroxenite is especial] 
clear from the low plagioclase content. L. 
Duparc presents a number of tylaite analyses 
which, by the silica, iron and magnesium con- 
tent, more closely resemble pyroxenite than 
olivine gabbro. 


4, Feldspar material (plagioclase) pene- 
trated the pyroxenite irregularly, but was 


C2 RS 


Schematic cross-section through the tylaite zone in 


Tylay-Konzhakovsk Kamen! 


] - pyroxenite; 2 - coarsely banded tylaite; 3 - zone of thin 
feldspar injections in pyroxenite - dark-colored tylaite. 
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Forms of plagioclase separations 


Zones (of different thickness) enriched by 
plagioclase and lying conformably in pyro- 
xenites having a small platioclase content 


i conformable with bands or layers although the 
form of the separation may be anything from 
‘irregular blotches to clear injections. The 
if kytlymites which are basic migmatites also 
/ belong to the injection contact formations. 

+ consist of green hornblende and sossuritized 


i xene, quartz, and almost always a peculiar 
kind of red or light orange mica. 


i During geological surveys over the last few 
years A.A. Yefimov has obtained new data 

/ which have enabled him to shed more light on 

4 the conditions of formation of the kytlymites, 

+ which ring the outer contact of the western half 
' of the kytlymsk massif. The sections which he 


* the time of the formation of the kytltmites, the 
i massifs was already a solid body and pyroxene- 
* plagioclase cherts existed as exocontact forma- 
« tions along its contacts. 


tthe ence massif and the surrounding rocks 

| (partially converted to cherts) is connected with 
i the later penetration by liquids originating in a 
4 basic (gabbroid) magma. 


i 

? An examination of the conditions under which 
the tylaites and kytlymites were formed reveals 
phases. 


intrusive activity. 


CONCLUSION 


That dunite, pyroxenite and gabbro are 
) closely connected in origin is supported by the 
| following: 


1. The development of significant intrusive 


| studied across the contact zone indicated that by 


that the injection phenomena occured in the zone 
of outer contact as well as between the intrusive 
The gabbroid magma was the source of 
the injection, while the formation of the contact- 
injection zones themselves is connected with the 


Individual irregular separations among pyroxenites 
Thin injections through pyroxenite lamina 


They 


‘| plagioclase, a small amount of monoclinal pyro- 
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Table 5 


Refractive indices of olivine and pyroxene 


Olivine 


masses proper in one structure or another with 
several resultant dislocations to the east. 

2. The formation of syngenetic associations: 
olivinite-pyroxenite, pyroxenite-gabbro, banded 
gabbro with pyroxenite and olivinite seams. 


3. The presence of reciprocal veins - dunite 
in pyroxenite and gabbro, pyroenite in dunite 
and gabbro, gabbroid rocks in pyroxenite and 
dunite. Certain parts of the magmatic melt have 
locally preserved their free-flowing fluid com- 
position during the entire time in which the belt 
of ultrabasic and basic rocks was being formed. 
In the history of the development of the complex 
intrusive complexes, different members may 
solidify if they are moving very slowly. 


The formation of the intrusions, as of a geo- 
logic body; i. e., within a definite structural tec- 
tonic situation, was accompanied by a differenti - 
ation of the magmatic melt and a change in the 
conditions of crystallization. Such a situation 
results in: a) the formation of dunite, pyroxenite 
and gabbro which have been intruded without a 
great break in time; b) a change in the general 
chemical properties of these rocks along the 
strike of the belt (from north to south) depend- 
ing on tectonic conditions; c) an evident change 
towards the south in the quantitative mineral 
composition of the gabbroid rocks and pyroxenite 
which occupy significant areas within all the 
massifs with a simultaneous (contrasting) change 
in the chemical properties of the main rock- 
forming minerals; d) development of an outer 
and inner gabbroid fraction in certain massifs 
with particular chemical and mineralogic char- 
acteristics. 


The basic features of the internal structure 
of all the massifs which make up the belt is their 
banded character. This banded structure was 
caused by different quantitative relationships be- 
tween various minerals, olivine, pyroxene and 
plagioclase, the composition of which may vary 
somewhat. Thus, olivine in the gabbroid layers; 
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i.e., in association with plagioclase, olivine 
contains more iron than that in pyroxenite 
layers, while in almost monomineral olivine 
layers it contains more magnesium. Finally, 
the same rocks (undite-olivinite, pyroxenite, 
gabbro) take part in the banded structure that 
also form the independent bodies. 


The formation of the banded structure is ex- 
plained by the fact that the magmatic melt had 
already become differentiated, heterogeneous, 
as a result of diffusion and gravitation. By 
diffusion must be understood early ion transfer, 
which took place in the magma up to the initia- 
tion of crystallization. The iron-magnesium 
portions of the magmatic melt, which had given 
rise to the dunites, must have been separated 
in a liquid condition, since at their introduction 
on fracturing they concentrated themselves on 
the somewhat more slanting western part of its 
surface in the form of a series of large inde- 
pendent bodies. The transformation of the 
liquid phase into the solid bodies began with the 
dunites, with the much earlier formations in 
the gabbro-pyroxenite-dunite belt. A certain 
part of the dunite-olivine melt remained in 
liquid form for a longer time and was crystal- 
lized as syngenetic bands in the pyroxenite and 
gabbro. The pyroenite solidified earlier than 
the gabbro. In places in the outer areas of the 
independent pyroxenite bodies, gabbroid feldspar 
injections penetrated (tylaites of the Tylay- 
Konzhakovsk Kamen’) the pyroxenite bodies. 


The relationship among the dunite, pyro- 
xenite and gabbro in the present erosional cut 
indicates a significant predominance of gabbroid 
rocks. In particular, the dunites over approxi- 
mately a 600 km extent of the belt occupy on the 
whole an area of about 80 to 85 sq km. The 
relationships observed among the rocks permit 
in a rough way the recognition of corresponding 
relationships with the magmatic melt, which 
proceeded from a single source, and conse- 
quently the recognition of the gabbroid composi- 
tion of the original magma. ‘The intrusive 
masses of dunite, pyroxenite and gabbro con- 
centrated in one or another structural zone un- 
doubtedly have the same origin. 


The initial stratification on (heterogeneity) 
of the gabbroid melt occurred at great depth, 
but the separation of the liquid phases of differ - 
ing density was accomplished during the rising 
of the heterogeneous magmatic melt though 
fractures, and during the movement into the 
intrusion chambers which were found in the 
tectonically active region. 


Having identified the initial magmatic nature 
of the gabbro-pyroxenite-dunite belt, we do not 
deny the metasomatic transformation which has 
made a deep impression on its ultrabasic and 
basic rocks. 


The widely developed processes of serpenti- 
zation of Olivine, saussuritization of plagioclase 
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and amphibolization of pyroxene has been much 
mentioned in the geologic literature of the Urals 
but unfortunately, up to this time they have been 
hardly studied. In particular, amphibolization 
was and still is one of the difficult problems of 
the postmagmatic period in the history of the 
formation of ultrabasic and basic rock belts. 


The process of olivinization of pyroxenite is 
of special interest. The replacement of pyro- 
xene by olivine have been observed by a number 
of investigators, but such replacements have 
been considered as exceptions and not of genetic 
importance. Not long ago, S. V. Moskaleva 
described olivinization as a metasomatic 
process. 


Our own study of the Iovsk dunite contact has 
permitted for the first time the recognition of 
olivinization as a process operating within the 
magmatic stage of change in a syngenetic associ: 
ation between crystallized pyroxenite and a 
dunite melt. It was this situation under which 
the metasomatic rocks were formed which in 
places resemble peridotite. 


The magmatic nature of the rocks of the 
gabbro-pyroxenite-dunite belt has been in large 
measure obscured by postmagmatic processes. 
It often requires much effort to uncover the 
original features of this remarkable geologic 
formation. 
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CHANGE IN THE COMPOSITION OF GRANITES WITH THE 
METAMORPHISM OF ECLOGITES OF THE SOUTHERN URALS’ 


by 


B. V. Chesnokov 


The article examines the granites of the rutile eclogites in the Southern Urals and the change in 


their composition with regressive metamorphism of the eclogite. 


A description is given of the 


minerals in the eclogites and their chemical composition is analyzed. On the basis of these analyses 
of the eclogites and their alterations products, conclusions are drawn as to the substances added to 
and subtracted from these rocks during metamorphism. 


* * 


In the vicinity of the village of Shubino, 
Khalilovsk rayon, Oreburg oblast', eclogites 
and granite-glaucophane schists are widely dis- 
tributed, bedded in the quartzite and mica 
schists of the metamorphosed Ural-Tau forma- 
tion. These rocks reach several hundred meters 
in length and several tens of meters in thickness. 
In many places the eclogites and granite-glauco- 
phane schists form opposing structures. 


Researchers from the faculty of minerology 
at the Sverdlovsk Mining Institute conducted 
studies in 1956 in the vicinity of Shubino on 
several eclogite bodies having a high rutile con- 
tent. 


Rutile eclogites have a dark green color, a 
partially banded texture, and commonly have a 
specific gravity close to 3.4. The structure is 
porphyroblastic (porphyroblasts represented by 
granite) with a nemanoblastic basic fabric con- 
sisting of omphacite, glaucophane and rutile. 
Generally, there is present in the rock a certain 
amount of muscovite, epidote and quartz and an 
insignificant quantity of actinolite, chlorite, 
fuchsite, sphene, pyrite, pyrrhodite, chalcopy- 
rite, apatite, albite, anchorite, biotite, fuchsite, 
goethite, and zircon. The products resulting 
from the weathering of the rutile eclogites con- 
tain: halloysite, limonite, nontronite, hydroxyl 
manganese, malachite, azurite and earthy cal- 
cite: 


The garnet of the rutile eclogites comprises 
about 30% of the total rock and has the form of a 
rhombododecahedron, red-brown in color and 
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with a cross-section of 3to5 mm. By composi- 
tion it belongs to the pyralspite group (almandine 
about 60%). Its complete characteristics are 
discussed below. 


Omphacite makes up from 30 to 80% of the 
main mass of the rock, has a green or blue- 
green color and a characteristic glassy luster. 
Its specific gravity is 3.36.2 In section, under 
the microscope, it is light green with weak 
pleochroism; Ng = page green; Nm = green- 
brown; Np = pale green, +2V about 70°, negative 
elongation, cNg = to 70°. A marked dispersion 
of the optic axes (r > v) and of the axes of the 
indicatrix exists. Refractive indices: Ng = 
1.7.4; nP = 1.685; Ng - Np = 0.029. The chemi- 
cal analysis of the omphacite is given in Table 1. 


On the basis of the analysis, the crystalo- 
chemical formula for omphacite has been cal- 
culated: $ 


Cag, 4gNao, 44F eg, o4(Alo. 40F eo, 1gTig, 91)0- 59> 
[ Alo, ogSi1, 9206]. 


In the majority of cases, glaucophane com- 
prises 40% of the fabric of the rock (sometimes 
80%). Its color is dark blue. Its specific weight 
is 3.30. In section it possesses strong pleo- 
chroism: Ng = blue or light blue, Nm = gray- 
violet; Np = yellow. The elongation is positive, — 
cNg is about 6 to 9°. Dispersion of the axes is | 
weak, r >v. The refractive indices: Ng = 
1. 660; Np = 1. 640; Ng - Np = 0.020. In rutile 
eclogites the glaucophane crystals at the edges 
are generally replaced by blue-green amphibole | 


2 Determinations of specific weights of minerals 
have in all cases been made pycnometrically in 
bromoform. 

3 All formulas of minerals are determined accord- 
ing to the V.S. Sobolev method. 
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With cNG = 24°, close to "anomalous glauco- 
phane" [3] and actinolite. Thus, in making the 
‘selection for the chemical analysis, some alter- 
ed material got into the sample. In order to 

/ make a comparison we conducted a chemical 
analysis with unaltered glaucophane from non- 
“metallic eclogite (analysis 2). 


The crystallochemical formulas of these 
‘amphiboles are: glaucophane from rutile 
eclogite (analysis 1) = Nal. 18Ko, 6Ca1, 2Mg2. 517 


Fe") 96(Ali, 16Fe''o. 36Vo0. 05 Tio. 2)1- 50- 


[0H]. 22[ Alo. 56Si7. 44022]; glaucophane from 
/monmetallic eclogite (analysis 2) = Na], g4- 


a a 


aoe Sa ee to 


‘Cap, 15Me1. soFe''1. 43(All. 75Fe'''9, 327 )208- 
[OH]}, g4l Alo. 115i7. 39022]. 


2. 


Muscovite is found in rutile eclogites in 
|Yather varied amounts. In the typical varieties 
of omphacite it is lacking, while in the altered 
areas it may amount to 20% or more, forming 
yellow plates 2 to 3 mm incross section. When 
taken from the surface areas and placed under 
the microscope, birefringence is not observed 
(in the plane of cleavage); in this case Ng - Nm 
‘= 1.590. When taken from inside the crystal, 
the muscovite shows weak birefringence. 
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Table 1 


Chemical analyses of the rock-forming minerals in the 
rutile eclogites of the Shubinsk deposit 


| Glaucophane 


Rutile 


99.72 199 9699.55 |100.17 


The analyses of garnet and glaucophane [1] were conducted 
by Yu.A. Ravkovskaya and N.N. Dulova (Sverdlovsk Mining 
Institute), the analyses of the other minerals, in the laboratory 
of the Ural Geological Board. 


Birefringence of the muscovite in sections taken 
across the cleavage is high in certain instances. 


The crystallochemical formula of the musco- 
vite, calculated according to data from the 
analysis (Table 1) is: Ko, 76Nap, 96Mg0, 257 


Fe''o, 97(Fe''9, 14411. 58)1, 72[ OH} al Alo, 72- 


Siz, 28019]: 0. 38H20 (material for analysis 
taken from an outcrop). 


The rutile in the rutile eclogites consists 
mainly of small spherical grains having an 
average size of 0.1 to 0.15 mm. 


In the surface areas of the outcrop, the rutile 
has an orange-red color, while below the level 
of the ground water it has a dark, black hue. 
Such "black" rutile in section acquires a lilac- 
brown or violet color. Its specific gravity is 
4,23. The refractive index of red rutile is 
Np = 2. 6 (determined in sinterings). The chemi- 
cal analysis is given in Table 1. 


In the garnet crystals are many thin, needle- 
like rutile inclusions, 10 or more times as long 
as they are thick. In cross section they are 
generally no larger than several microns. A- 
round crevasses and veins of other minerals in 
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the garnet, collective recrystallization of 

rutile is clearly marked; in place of the 

needles appear sparse larger spherical grains 
about 0.1 mm in size. Continuing the line of 
rutile needles found in the garnet are noted 
chains of large grains of rutile. Small needle- 
like and long prismed crystals of rutile are 
seldom encountered in the mineralogic fabric of 
the rock. 


Rutile eclogites are rather frequently musco- 
vitirized or quartzitized to some degree; in 
some instances such alteration leads to the for- 
mation of garnet-quartz-muscovite schists. In 
this, the basic minerals are replaced by musco- 
vite and quartz while the garnet remains in the 
form of relict crystals, to a very small degree 
separated fromthe periphery by the quartz. 

The amount of rutile in the rock in such cases 
is markedly decreased. The continued forma- 
tion of minerals is limited apparently by the 
quartz and muscovite. The outer parts of the 
rutile bodies were subjected to a similar re- 
placement. With this process is also associated 
the formation of the conformably banded 
eclogites of the quartz veins which consist of 
fine-grained, granulated quartz and muscovite, 
with infrequent short-axis crystals of rutile 
[1]. The contours of these veins are very un- 
even; in them "scraps" of eclogites oriented 
conformably with the enclosing veins of the 
rock suggest a metasomatic origin of the veins. 


A later process of regressive metamorphism 
of the eclogites is their green-stone regenera- 
tion. In this all the rock minerals are altered 
to a certain degree: omphacite and glaucophane 
are replaced by minerals of the epidote group 
(zoisite, clinozoisite and epidote), actinolite, 
chlorite and plagioclase, garnet and generally 
green chlorite, rutile and sphene. The garnet 
and rutile are distinguished by being preserved 
to the greatest degree. Where the process of 
alteration has gone a long way, the rock con- 
sists of actinolite, minerals of the epidote 
group, chlorite and albite with some sphene. 


The system of thin quartz-sphene-epidote 
veins, intersecting the rocks across their 
bands, is associated with the process of green- 
stone alteration of eclogite (elements of the 
position of the bands: strike SE160°, dip angle 
small) and having elements of position: strike 
NE 65°, angle of dip close to verticle. The 
contacts of these veins are straight lines. In 
many places, the intersection of quartz veins 
containing muscovite with quartz-epidote veins 
has been observed. 


The quantitative changes in material which 
occur with the transformation of rutile eclogites 
into garnet-quartz-muscovite and greenstone 
rocks are shown in Table 2. Rutile eclogite 
(Table 1, analysis 1) is the typical glaucophane- 
omphacite variety, the most widely represented 
at the site. The final products of alternation, 


a2 


in the form of garnet-quartz-muscovite schist 
and greenstone, were not selected for testing. 
Rather those were taken in which the features of 
the eclogite were in some measure preserved. 

In addition, specimens were selected for analysis 
from those places in the ore body where the re- 
placement of eclogite was apparent in the rock 
structure; i.e., cutting zones of alteration in the 
eclogites. 


In the transformation of eclogite into a garnet- 

vee muscovite rock, significant amounts of 

H»5O, Al and Si are added. Simultaneously, 
id cant quantities of Na, Ca, Ti, Mn, and 
Mg are taken away. In addition, the amount of 
atomic iron is significantly reduced (to 34% of 
the original); in eclogite, its content is equal to 
10. 88%, while in the alteration product it 
amounts of 7. 30% (with a correction for the dif- 
ference in specific gravity). 


In the alteration of eclogite to greenstone 
H20, Mg and Cr are added. Also K, Ti, Mn, 
Al, Si and Ca are subtracted in insignificant 
amounts. The amount of atomic iron in the rock 
is unchanged: 10. 88% in the eclogite and 10. 20% 
in the alteration product (with a correction for 
the difference in the specific gravity). A com- 
parison of the analyses of the garnet- glauco- 
phane schist and the greenstone indicated about 
the same results. Apparently some loss of Si, 
Al, Ti and Ca was favored in the formation of 
the quartz-sphene-epidote veins in the eclogites 
which are affected by the greenstone alteration. 


In the alterations of the eclogite described 
above, the composition of the garnet which re- 
mains in the alteration product in relict form 
also varies. In Table 3, results are presented 
of chemical and X-ray structural analysis of 
garnets from different rock deposits. In the 
analyses, titanium was discarded, since in the 
selection of material it was impossible to re- 
lease it because of the small inclusions of rutile 
and sphene. 


We conducted the X-ray study of the garnets 
according to the Debye method in the laboratory 
of X-ray structural analysis of the faculty of 
mineralogy at the Sverdlovsk Mining Institute. 
Unfiltered radiation from a pipe with an iron 
anode was used. The diameter of the chamber 
was 66 mm, the diameter of the core 0.5 to 0. 6 
mm. Correction factors were introduced by 
plotting the mixture of garnet with rock salt. 
The parameter a of the garnet was calculated on) 
the basis of the change in reflection (880) for 
Kaj and Kg9 separately. Several tests were 
made in succession, in which the difference in 
the value a was on the order of 0. 002 to 0. 003 A. 
Altogether the value of the parameter a for 57 
garnet specimens was determined. ¥ 


As is evident from the chemical analytic data} 
(Table 3), the CaO content showed the greatest 
variation in the garnets studied (from 2. 99 to 
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AS. 90%). Along with this, the value of the para- 
mmeter a also changed (from 11.535 to 11. 647 &). 
Figure 1 illustrates the direct relationship be- 

«ween the CaO content and the value of the para- 


Ca %(mol. ) 
2 eT Be BN 2 Ne AE AB 28 


FIGURE 1. Graph of the dependence of the 
size of the elementary nuclei of garnets on 
their calcium content 


Numbers on the curve represent the test 
number (Table 3). 


again indicates the presence of a direct con- 
‘nection between the composition and the physical 
(properties of the garnets [9, 10, 8, 11, 5]. 
“Such a clear relationship between the parameter 
jia and the other components of the garnets under 
\/study was not observed. It follows from the 
égraph (Figure 1) that a difference in the value 
sof the parameter a of 0. 01 A corresponds to a 
‘difference in the composition of the garnet of 
‘approximately 1.5 molecular percent CaO. 
Using the graph, we can make a further state- 
ment about the approximate composition of the 
teas (especially the amount of CaO) on the 
| 
i 
| 


*basis of the value of the parameter a. This has 
"permitted conclusions to be drawn as to the 
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At top - the number of the specimens. 
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composition of not only a large number of 
samples (57), but also different garnet crystals 
and even different parts of crystals. Further 
conclusions as to the change in composition of 
garnets due to the metamorphism of eclogite have 
been drawn on the basis of the straightforward 
chemical composition of the garnets as well as 
X-ray structural studies. 


From the comparison of the analyses of 
garnets from unaltered eclogites (analyses 4, 

8) with analyses of garnets from greenstone 
rocks (analysis 1) and garnet-quartz-muscovite 
schists (analysis 9) formed in the same way as 
eclogites, an essential difference in the CaO 
content is evident. The relict garnets from the 
greenstone rocks have a large percentage of 
CaO in comparison with the garnets from the 
eclogites, while the relict garnets from the 
garnet-quartz-muscovite schists have a small 
percentage. The parameters of their crystallo- 
graphic nuclei also differ correspondingly. 

For the final solution of the problem of the 
character of the changes described above in the 
composition of the garnets, rock specimens 
were selected in which, along with altered areas, 
relicts of weakly altered eclogite were present. 
In such specimens greenstone alteration gen- 
erally appeared close to the intersection of the 
eclogite with quartz-epidote or chlorite- 
actinolite-plagioclase veins. But quartzitization 
and muscovitization generally developed first 
around the garnet crystals of quartz "eyelets" 
with muscovite foliations or in the basic fabric 
of the rock containing the muscovite-quartz 
striae. 


For each specimen with the alterations 
described above the parameter of the crystal 
lattice was determined for the garnet crystals, 
which were taken from altered and unaltered 
areas. 


§ 6h wetisca Be 2 § 
NOR : 

N= We fF 

NP NY P NV p 

ANA NG NA Np 
ANY NY NG NG 
ANA NA NY NG 
A NA NG NY NG 
ANA NA NY NG 
; NY NY NY NG 
ANY NYA NY NG 
ANY NY NG NG 
ANA NY NY NG 
ANA NY NG NG 
ANY NA NA NG 
“ANY NYA NY NG 


Reauction in size of the elementary nucleus of garnets 
due to quartzitization and muscovitization of eclogites. 


Heavily lined bars - garnet from unaltered parts of the specimen; 
sparsely lined bars - garnet from altered parts of the same specimen. 
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The results of these determinations are 
represented graphically in Figures 2 and 3. The 
increase in the parameter a of the garnets with 
alteration of eclogite is found to be 0. 500 to 
0.004 &, the decrease from 0. 056 to 0. 008 A, 
which corresponds (according to the graph 
Figure 1) to a difference in the CaO content 
ranging from 8. 0 to 0. 6 molecular percent. 


a(A) 

16400- PB 
-aV 20, 3a 4a 5a 6a Ve 

1.600- mA gw waomi—_oaAe— 
NA NA NY Wd 4 NM NG 
NA NY NA NG NG NG NG 

1.560+NA NYA NA NA NA NY NG 

s60NG NU Na Na Na NA 
NA NY NY NY NA NG NG 
NA NG NY NY NA NG NG 
NA NY NY NY NG NG NG 
NA NG NY NY NA NA NG 
VA NA NA NW NM 
NA NY NY NG NA NY Ne 
NA NA NY NG NG NW NG 
NA NY NY NG NY NG NG 
VA NA NA NA NA NA NV 
NA NY NYA NY NY NG NG 

FIGURE 3. Increase in the size of the 


elementary nucleus of garnets due to 
greenstone alteration of eclogites 


Heavily lined bars - garnet from unaltered 
parts of the specimen; sparsely lined bars 

- garnet from altered parts of the same 
specimen. At top - number of the specimens. 


Results of chemical analyses support these 
findings for several of the specimens. Thus, 
for specimen 9 (Figure 2), the CaO content in 
the garnet from the quartzitized area amounts 
to 7. 34 percent by weight (a = 11.560), while in 
the garnet from the unaltered part it is 8. 20 
percent by weight (a = 11.568). For specimen 
4-a (Figure 3) the CaO content in the garnet 
from the chloritized area is equal to 11. 12 per- 
cent by weight (a = 11. 600), while in the garnet 
from the unaltered area it is 9. 45 percent by 
weight (a = 11. 590). 


Thus, the loss of part of the calcium from 
the garnet with the transformation of eclogite 
into garnet -quartz-muscovite schist is demon- 
strated, as is the addition of calcium to the 
garnet with greenstone regeneration of eclogite. 
Such variations in the composition of the largest 
cation of the garnets strongly influences the 
size of their elementary nuclei. 
ing addition and subtraction of calcium produces, 
on account of the addition or subtraction of 
other, much smaller cations, principally duo- 
valent iron (Table 3). 


Apparently, the change in the composition of 
the garnet in the majority of cases occurs more 
or less simultaneously throughout the whole 


The compensat- 
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mass of the crystal. The value of the para- 
meter a for the peripheral and central parts of 
the crystals are similar. 


The X-ray method in any given instance was 
shown to be more appropriate for the study of 
the change in the composition of garnet than for 
the determination of the specific gravity and re- 
fractive indices, on the basis of which (Table 3) 
it is difficult to make a statement about the 
changes produced in the garnets. The problem 
is that with a change in the CaO content in the 
garnets a simultaneous change takes place in 
the grossularite as well as the andradite 
molecules. Grossularite has a low and andradite 
a high refraction index; thus, a simultaneous 
change in the content of these molecules in gar- 
net is intricately bound up with a change in the 
refractive index. Such changes in composition 
in the case described are weakly reflected also 
in the specific gravity, which is apparent if only 
from a comparison of the calculated specific 
gravities of garnets, with which, by the way, the 
measured specific gravities almost coincide. 


By comparing the character of the change in 
composition of garnets with the character of the 
change of eclogites into garnet -quartz-muscovite 
schists and into greenstone rocks, the following 
generalizations may be made. 


1. With the transformation of eclogite into 
garnet-muscovite-quartz rock, a considerable 
loss of Na, Ca, Ti, Mn, Mg, and Fe occurs, 
during which part of the calcium is lost from the 
garnet. A part of the Fe and Mg, which is 
liberated on the replacement of omphacite and 
glaucophane by quartz and muscovite, enters in- 
to the composition of the remaining garnet, com- 
pensating for the loss of calcium. 


2. With the greenstone alteration of the 
eclogites, the composition of the products of 
metamorphism does not differ so markedly from 
that of the original rock, as takes place initially. 
In this process more or less large amounts of K, 
Ti, Mn, Al, Si and Ca are lost. The garnet in 
this case is considerably enriched by calcium. 
The amount of iron in the rock remains the 
same, but in the garnet it diminishes signifi- 
cantly. Apparently, the iron, having been 
liberated from the garnet, enters into the com- 
position of the newly formed chlorite, actinolite 
and epidote. 


The author wishes to render deep thanks to 
Candidate of Physico-Mathematical Sciences | 
B. A. Yunikov (the Ural Branch of the Academy 
of Sciences of the U.S.S.R.) for consultation on 
the X-ray Roentgen structural studies of garnet. 
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PRINCIPLES OF CLASSIFICATION 
OF ENDOGENETIC URANIUM DEPOSITS 


by 


V.L Danchev 


The voluminous material obtained in the 
last 15 to 20 years indicates a great variety of 
endogenetic uranium deposits. Many of them 
are included in earlier classifications by V. V. 
Shcherbina [ 24], Ya.D. Gotman [4], R. P. 
Fisher [22], V.S. Domarev [7], D. Ya. Sura- 
zhskiy [18, 19], V.G. Kelkov and L. Ch. 
Pukhal'skiy [12], A.G. Betekhtin [1], and A. 
A. Yakzhin [26]. These were based on sedi- 
mentary environment during formation of the 
enclosing rocks or on composition. There are 
marine, lacustrine, lagunal, and other ore de- 
posits in shale, marl, limestone, sandstone, 
conglomerate, and many other rock types. In 
classifying the ore deposits within individual 
regions, an attempt was made to classify them 
by percentage of metal content (Uranium, 
vanadium, copper). 


Such an approach to classification did not 
meet any substantial opposition, at the early 
stages of studying exogenetic uranium de- 
posits. However, as more data were brought 
in as a result of stepped up prospecting and 
exploration, it became apparent that higher 
uranium concentrations may be associated with 
all sorts of rocks, formed under most diversi- 
fied paleogeographic conditions. The ore de- 
posits of one of the uranium provinces of the 
U.S. , the Colorado Plateau (Figure 1) is a 
graphic illustration. On the Colorado Plateau, 
uranium mineralization is associated with a 
variety of waterlaid and subaerial facies of 
Tertiary, Cretaceous, Jurassic, and Tertiary 
rocks [8]. 


The Colorado Plateau is not the only instance 
of such "cosmopolitan" tendencies of uranium 
with regard to its associated rocks and the 
conditions of their formation. As demonstrated 
by numerous studies in other uranium pro- 
vinces of the world [7, 8, 10, 11], uranium 
concentrations originate at various stages of 
formation of their enclosing rocks, beginning 


10 snovnyye printsipy klassifikatsii ekzogennykh 
mestorozhdeniy urana, (pp. 49-57). 
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with deposition and consolidation (diagenesis) 
and ending with the latest stages of rock de- 
velopment. The initial processes of minerali- 
zation, sedimentogenesis and diagenesis, are 
subject to the same laws of behavior of facies, 
geochemistry, and paleogeography, which con- 
trol the genesis and distribution of the en- 
closing rocks. The origin of uranium ores in 
sections already formed and commonly dis- 
turbed is associated with different and much 
later hydrogeochemical processes. Such being 
the case, a classification of uranium deposits 
should be based first of all on stages of the 
mineralization process, corresponding to the 
formation stages of the enclosing sedimentary 
rocks. 


To substantiate this thesis, we shall describe 
briefly those exogenetic processes leading to 
the formation of ore concentrations in sedi- 
mentary rocks. 


Higher concentrations of uranium at various 
formation stages of their carrier rocks is due 
to the high migration capacity of this element. 
Its migration forms and sedimentation condi- 
tions are discussed in works of V.G. Melkov, 
V.V. Shcherbina, and others [12, 24, 25]. 


The time and conditions of formation of ore 
concentrations determine many textural and 
structural aspects of the ores, as well as the 
form of their deposits and their position in 
carrier rocks. We have demonstrated that 
earlier, for ores associated with Tertiary car- 
bonate sections [5, 6]. 


Numerous studies [7, 8, 11] of ore deposits 
associated with rocks of various composition 
have shown that higher uranium concentrations 
may be associated with various types, namely 
clastic, chemically precipitated (often the 
cement) and organic, the latter representing 
remains of plant and animal life activity. 


1. When commercial uranium concentra- 
tions are associated with the clastic fraction 
of sedimentary rocks, the uranium minerals 
occur among other accessory minerals, or, and 
this is more common, are present in them as 
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Stratigraphic unit Sedimentary 
or formation unit conditions 
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FIGURE 1. Uranium-carrier rocks of the Colorado Plateau, after 
Isachsen, Mitchell and Wood, 1955 (P.F. Kerr, [8]) 


1 - mineralized zones; 2 - yield up to 1000 tons; 3 - yield over 


1000 tons. 
‘isomorphic additions. Monazite, orthite, Figure 2 is an attempt to group the exo- 
| zircon, and other placers are typical of such genetic uranium deposits according to their 
ae We know of Tertiary conglomerates carrier rocks, on the one hand; and according 
a pebbles carrying uraninite, pitchblende, to the stages of mineralizing processes, on the 
/nivenite, and other uranium minerals where other. Thus, the stages of sedimentogenesis 
| the ore deposits were formed at an early sedi- are the critical factor of uranium mineralization 
' mentary stage, that of sedimentogenesis. Such in the clastic deposit group. The subsequent 
| uranium concentrations in placer conglomerates transformations of the carrier rocks, ore- 
may therefore be assigned to the clastic type. bearing conglomerate and placers, have been 
( Their diagenetic and epigenetic changes occur- up to now extremely inadequately studied 
| red in a number of ways; at times these are (question marks in Figure 2). The situation is 
in the aspect of the carrier rocks, as illustrated stages for carrier-rocks and ore deposits in 
by certain monzonite and other placers; at other _ other groups, the chemical and organic; for 
times, they are processes associated with re- this reason, the quantitative aspect of these 


gional epigenesis and metamorphism, changing changes is represented tentatively (Figure 2). 


the original aspect of ore-carrier rocks and af- 
fecting the distribution of ore concentrations, 2. Uranium concentrations associated with 
especially in ancient rocks, to such an extent as the chemically deposited rock fraction may 


to render the problem of the resulting uranium originate in the course of precipitation of 


mineralization highly controversial [8, 10]. various chemical and colloidal compounds, 
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stages of rock-making, leaving almost no trace no better with respect to the transformation 
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By the mineralization 


By the 
types of 
carrier rocks 


Clastic 
Uranium -bearing conglomerate 
with pebbles containing uraninite, 
pitchblende, nivenite, and other 
uranium minerals 

Placers of uranium-thorium 
minerals (monazite, orthite, 


Chemical 
Uraniferous phosphorite, siderite 
dolomites, limestone, and the 
corresponding cements of clastic 
and clastic-extrusive rocks. 


Organic 
Uranium concentrations as- 
sociated with accumulations and 
transformation of organic matter 
in sedimentary rocks. 
Uranium-bearing peat bogs, coal, 
oil shale, and asphaltite. Uran- 
ium concentration in bone 
remains. 


FIGURE 2. 


from the waters of basins and from those of 
bottom oozes; also from ground water draining 
the already formed sedimentary sequences. 
Because of the low uranium concentration in 
lacustrine and marine basins (about 10-6 — 
10-7%), a direct chemical precipitation of its 
compounds is little probable. At the same 
time, its precipitation fromthe bottom ooze 
waters, where the concentration of a number 
of compounds of rare and dispersed elements 
is tens, hundreds, and thousandths of time 
higher, is quite possible. Modifications of 
sorption are taken to be the leading processes 
of uranium concentration, in either instance. 
Numerous experiments show that uranium com- 
pounds may be captured from natural waters by 
all sorts of mineral colloids: oxides of alumi- 
num, iron, and silicon, also by phosphates, 
certain types of organic matter (peats, coals, 
asphaltites, etc.). Accordingly, all these 
components of sedimentary rocks are often 
called the uranium concentrators. However, 
part of the organic matter in forming sedi- 
mentary uranium deposits is not exhausted by 
their sorption properties. A reducing en- 
vironment is set up in the oozes, as the 
organic matter decomposes; it promotes the 
conversion of soluble, mainly hexavalent, 
uranium compounds to the less soluble tetra- 
valent. 


The further evolution of the chemical or 
sorption-chemical ore accumulations may vary 
in close correspondence with that of their 


Sedimento- 
genesis 


Willits 
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Diagenesis 


Hyper- 
gressiv¢ sive 


Zs 


Principal groups of exogenetic uranium deposits 


carrier rocks. Some of the carrier rocks are 
marked by the original distribution of uranium 
compounds, a low content distributed more or 
less evenly over large areas. Such deposits are 
most often associated with claystone and shale, 
also with phosphatic rocks. Other types of 
carrier rocks are strongly affected by diagenetic 
distribution of the ore. The uranium com- 
pounds, too, are affected in that way, by 
oxidation-reduction reactions characteristic of 
the diagenesis stage, by recrystallization and 
collective crystallization, concretion-making, 
and other processes which turn a sediment into 
a rock. Higher ore concentrations, with corre- 
sponding textures, may be formed in that way, 
in individual segments of the beds. These proc: 
esses are most active in carbonate rocks, lime~ 
stone, dolomite [16], and marls, also in clastic 
rocks with a carbonate or ferruginous-argilla- 
ceous cement. Geochemically opposite proc- 
esses take place in such rocks, as early as the 
sedimentogenesis stage, which causes intensive 
chemical reactions at the diagenetic stage. For 
instance, an accumulation of brown iron oxides 
in the presence of organic matter and decom- 
position products (H2S, CO2, NH3, etc. ) leads 
to a diagenetic formation of aqueous iron sul- 
fides, marcasite, and pyrite, as well as toa 
simultaneous redistribution of uranium con- 
centrations in the bed. Concentrated uranium 
ores originate under those conditions, along 
with the dispersed forms. Uranium ore de- 
posits originating from an authigenic minerali- 
zation may be differentiated into chemical, 


| sedimentary, or mainly sedimentary (Figure 

| 2). Typical of the latter are the diversified 
forms of the ore bodies, often making up hori- 
| zon-thick concretions. 


The further progress of such deposits de- 
/ pends on the trend and intensity of epigenetic 
),processes. Detailed study of them in various 
/ Carrier rocks is the objective of the forth- 


Sizable uranium accumulations are possible 
in zones of contrasting geochemical conditions 
/ with a quite different oxidation potential (Eh) 

| Originating in already consolidated and often 

s disturbed sedimentary sections, at the boundary 
i) between provinces of active and stagnant water 
exchanges. Such are the formation conditions 
)for the zone of oxidation and cementation of 
sulfide and other ore deposits, as well as of 

i epigenetic uranium ore deposits in sedimentary 
'rocks [3] (Figure 2). 


3. For many rocks, plant remains (peat, 
‘carbonized wood, brown and hard coal, etc. ) 
Or animal remains (phosphoritized fragments 


i 
ai 


!,of fish and land vertebrate skeletons) are the 

} only uranium concentrators. The uranium 
concentration in the carrier rocks may have 
‘been raised in various periods, both during and 

G oter the life activity of plants and animals 

1 buried in the basin sediments, as well as in the 

} course of the epigenetic alteration of these 

‘rocks. 


The accumulation of many chemical elements 
| as a result of the life activity of plants and 
J animals was studied by A. P. Vinogradov and 
fiother geochemists, pedologists, and botanists 
-[9, 13, 17]. These studies are of interest to 
biologists, students of plant and animal physio- 
logy, as well as to geologists in their attempts 
‘to use the higher concentrations of a number of 
§elements, in modern plants, as an exploration 
tool. It-is known that the accumulation of many 
‘rare and dispersed elements such as cobalt, 
molybdenum, zinc, copper, vanadium, uran- 
‘lium, etc., in plant roots and young sprouts, 
has been the basis for geochemical prospecting 
‘for their mineral deposits. After the mass 
burial of plants in sediments, the role of plant 
remains in the concentration of a number of 
‘elements, including uranium, grows sharply. 
‘}Considerable uranium concentrations (up to 
+ 0.5%) are known from present-day peat bogs. 
‘Ore concentrations of many elements and 
‘uranium, associated with carbonized plant re- 
4 mains and wood fragments, also with coal beds 
in certain coal deposits are quite common in 
| sedimentary rocks of different ages. 


Considerable accumulations of uranium and 
| other elements have also been observed in 
animal bone remains. The bone tissue of 
large vertebrates, filled up with nivenite and 

| pitchblende, is well known from sedimentary 
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rocks of various ages. S. Bowie and E. 

Atkin [27] note the higher uranium concentra- 
tions (up to 0. 5%) in fish bone remains from 
the Devonian of Scotland. Of interest are M. 
N. Althausen's observations in this country, to 
the effect that up to 0.01% uranium is present 
in bones and scales of fish in some existing 
basins. 


Thus, the organic matter, at all stages of 
its accumulation and transformation in sedi- 
mentary rocks, often determines the specific 
features and trend of geochemical processes 
and is of great importance as an uranium con- 
centrator. When the uranium-concentrations 
are associated with the products of life activity 
of plants and animals, as in peat, coal-bearing 
deposits, oil shale, asphaltite, and in sizable 
accumulations in fish and land animal remains 
in other deposits, such sites may be designated 
as biogenic (Figure 2). Later epigenetic 
uranium concentrations are commonly super - 
imposed on these sedimentary and diagenetic 
deposits. This is particularly common in 
uranium~-bearing coal deposits and in those 
associated with asphaltite formed in the erosion 
of oil-bearing structures [3]. 


The formation process of sedimentary-rock 
industrial minerals is becoming better known 
with the development of geology. Epigenetic 
stages are the critical ones of commercial ac- 
cumulations of uranium in many carrier rocks. 
It is in that period that dispersed lean con- 
centrations often become commercial. 


Epigenesis in sedimentary rocks is known to 
run different courses. Its most important 
factors in areas of subsidence are the pressure 
and temperature increases with depth. L.B. 
Rukhin [15, 20] proposed to call the type of 
epigenesis leading to metamorphism of rocks 
progressive. Progressive epigenesis includes 
regeneration of a considerable portion of 
clastic grains, recrystallization of cement, and 
the emergence of assorted new formations. 


The works of L. V. Pustovalov and other 
authors [14] demonstrate the appearance of 
feldspars, various magnesian silicates, sul- 
fides of many metals, and other new minerals. 


Recrystallization of the components in sedi- 
mentary rocks takes place in the course of 
progressive epigenesis. The clastic fraction 
begins its alteration usually with the regenera- 
tion of individual quartz and feldspar grains and 
ends with the formation of layer regeneration- 
mosaic structures. Argillaceous cement in 
clastic rocks gradually changes to sericitic 
and chloritic, and to a mica-hornblende cement 
in a higher metamorphism. Carbonate rocks, 
particularly the organic, slimy, and odlitic 
limestones, lose their primary structure, as 
the final result of recrystallization, and turn 
to marble. 
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The changes in various sedimentary rocks, 
associated with the progressive epigenesis, 
become so radical during a subsidence with 
rising temperatures and pressures, as to lend 
the rocks a typically metamorphic aspect. 
Thus, the primary sedimentary features are 
gradually lost, and many ore minerals, in- 
cluding those of uranium, formerly more or 
less dispersed, usually migrate within a strati- 
graphic unit. When deposited in fractured seg- 
ments, they form veins reminiscent of hydro- 
thermal types. Such ore deposits are known 
as sedimentary metamorphic or pseudohydro- 
thermal, depending on their stage and the de- 
gree of alteration (Figure 3, left side). Actu- 
ally, they differ from typical hydrothermal de- 
posits in that they are formed solely by mate- 
rial derived from the enclosing rocks, rather 
than brought in from outside. 


Exogenetic uranium deposits 


percolates downdip, within the lithologic unit. 
These deposits are characterized by their 
typical sickle-like shape (rolls) described from 
a number of the Colorado Plateau deposits [ 23]. 
Such ore concentrations are assigned to the 
infiltration group, if they originate in a lean 
dispersion mineralization within the same sedi- 
mentary series; or hydrogenic after A. Ye. 
Fersman, if they are formed by uranium 
brought in from outside, by surface and forma~ 
tion waters (Figure 3, right side). In either 
case, hydrochemical processes are paramount 
in the formation of uranium concentrations 


[2-on 


Such are, in general outlines, the minerali- 
zation processes leading to the formation of 
uranium deposits and ore showings in sedi- 
mentary rocks. Their general course is 


: : P Epigenetic 
tee oP wie (hydrogenetic) 
Epigeneti altered 
Progressively Regressively 
a ee rate ee 
Sedimerftary- Residual 
Metamorphic Pseudohydrothermal Infiltrational 


FIGURE 3. Exogenetic uranium deposits arranged by mineralization stages 


Sedimentary rocks containing industrial 
minerals may undergo substantial changes, 
after consolidation, if they are brought to the 
surface, by tectonic movements and erosion. 

In that event, the surface weathering processes 
hold sway. Secondary alterations of this kind 
are known as regressive (retrograde) epi- 
genesis. Even low uranium concentrations in 
primary rocks, if transferred to a different 
and often strongly oxidizing environment, pass 
to a mobile state and become capable of migra- 
tion. 


Under arid conditions, primary uranium 
minerals (nivenite, pitchblende, etc.) in the 
weathering zone are altered to more stable 
mineral varieties, such as uranium sulfates, 
carbonates, and vandates. These ores may be 
assigned to the residual group. A small portion 
of uranium from the carrier rocks is usually 
concentrated in them brought in the regressive 
metamorphism zone. The bulk of it is carried 
away by surface and formation waters rich in 
oxygen and carbon dioxide, and is either dis- 
persed over the basin or else is concentrated 
in secondary epigenetic deposits, if it 
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illustrated in Figures 2 and 3, which emphasize 
the association of uranium concentrations with 
the principal types of sedimentary rocks 
(clastic, chemical, organic), on the one hand, 
and the mineralization development at various 
formation stages of its carrier rocks, on the 
other. 


From what has been said, the origin of 
uranium deposits in sedimentary rocks should 
be inferred from the relationship between the 
ore minerals and their carrier rocks and from 
the specific formation conditions for both. In 
determining the critical processes in the de- 
velopment of a deposit, it should be kept in 
mind that stages of diagenesis and epigenesis 
are expressed differently in different rock 
types; and that the specific features of ore 
textures and structures are the result of many 
factors, first of all of the composition and 
physico-mechanical properties of the ore- 
bearing rocks. For many rock types, the de- 
tails of these relations are inadequately known 
and require further study. 


Determining the type and time of minerali- 
zation processes is of great practical value 


) in prospecting and exploration. When the pre- 
dominant mineralization processes are sedi- 
‘mentary and diagenetic, resulting mostly in 
jean but fairly consistent mineralization, 

| paleogeographic and facies control becomes 

| the critical factor in ore-making. When, on 

; the other hand, secondary and superimposed 

| processes hold sway, the exploration should 

» be guided by the paleoclimatic and hydrochemi- 
» cal environments prevailing at the epigenetic 

} stage. For this reason, all epigenetic proc- 

» esses in rocks, at various stages of their de- 
» velopment, should be taken into consideration 
| while evaluating the prespective areas by 

> paleogeographic and facies mapping. 
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THE ROCKS 


Rocks of various ages, from Lower Paleo- 

! Zoic to Quaternary, are present in the area 
under study [1, 5, 7]. Most of them are ex- 
trusive and sedimentary types, with some in- 

| trusive rocks. Limestone, sandstone, and 

‘ shale, with less common siltstone, dolomite, 
and tuffaceous conglomerate are the chief sedi- 
mentary rocks. The extrusives and intrusives 
{ are represented largely by acid varieties, with 
® less common intermediate and very rare basic 
# Ones. 
| 


Extrusive and sedimentary rocks. Accord- 

' ing tol. P. Kushnarev's stratigraphic column 
[12], the oldest such rocks here are Lower 

Paleozoic and Silurian (Pzj + S). They are 

\ overlain by Lower and Middle Devonian (Dj+2), 

| Upper Devonian to Lower Carboniferous 

(D3 + C1), the Lower to Middle Carboniferous 

' Mynbulak formation (Ci1+2); and the Upper 

| Carboniferous represented by formations 

_ Akchinsk (C3@k), Sarysiyu (C38), and Oyasay 

| (C3°). 


p The upper interval of the stratigraphic col- 
umn includes the Lower Permian Shurabsay 
formation (P1), the Upper Permian Kyzylnur 
formation (P2), Jurassic (J), Cretaceous (Cr), 
Lower to Middle Paleogene (Pg}42), Upper 
Paleogene to Lower Neogene (Pg3 + Nj), and 


|| 


— eS 


The Quaternary sedimentary and extrusive 
deposits occupy the largest area, followed by 
Upper Devonian to Lower Caboniferous, the 
| Shurabay formation, the Cretaceous, Lower 


iran v porodakh yugo-zapadnykh otrogov sever- 
‘nogo Tyan'-Shanya, (pp. 58-71). 


Upper Paleogene to Lower Quaternary (N2 + Q}). 


URANIUM IN ROCKS OF THE NORTHWESTERN PRONGS 
OF NORTHERN TIEN-SHAN! 


V. N. Rekharskiy and O. V. Krutetskaya 


Diverse sedimentary, extrusive, and intrusive rocks, different in composition, age, and condi- 
) tions of formation are widely developed in the southwestern prongs of the northern Tien-Shan; this, 
# coupled with a fair knowledge of that area, has enabled the authors to put together voluminous mate- 
» rial on the distribution pattern of standard uranium and thorium content in rock (their Clarke index). 


* * 


Paleozoic to Silurian, Lower to Middle Car- 
boniferous, and the Akchinsk and Oyasay for- 
mations, in that order. [Less common are the 
Lower to Middle Devonian deposits, the Sarys- 
yun and Kyzylnur formations, Paleogene, and 
Neogene; Jurassic deposits are extremely rare. 


Intrusive rocks. The great majority of in- 
trusions in this area are Variscian and to a 
smaller extent, Caledonian — the oldest 
igneous rocks of the area. Predominant among — 
them are granite and granite-gneiss, with sub- 
ordinate gabbro, gabbro-diorite, and monzon- 
He: 


The Variscian intrusion took place during 
the middle and late Paleozoic. Intrusive rocks, 
more or less contemporaneous and formed at a 
definite intrusive stage, are grouped by differ - 
ent students of the area into different intrusive 
complexes. We follow I.P. Kushnarev's 
classification which recognizes five intrusive 
complexes: 1) Middle Carboniferous pre- 
Akchinsk (pre-C32k) — V-1; 2) Upper Car- 
boniferous pre-Oyasay (pre-C3°) — V-2; 3) 
Upper Carboniferous pre-Lower Permian 
(pre-P1) — V-3; 4) pre-Upper Permian (pre- 
P9) — V-4; and 5) Upper Permian (P29) — V-5. 


Most common are intrusives of the V-1 com- 
plex, followed by V-5, V-4, and V-3, with the 
V-2 and Caledonian complexes the least common. 


The Variscian stage is marked by the ascen- 
dance of most acid and subalkalic rocks in 
younger intrusives, as compared with the 
older. - According to]. P. Kushnarey, I. Ye. 
Smorchkov, and other associates of the Institute 
of Geology of Ore Deposits, Petrography, Min- 
eralogy, and Geochemistry (I.G. E.M. Akad. 
Nauk. S.S.S.R.), students of the structure and 
petrography of this area (oral communication), 
these rocks become more diversified and richer 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. 


in alkalis and silica, from older complexes to 
the younger. 


SAMPLING AND ANALYSIS OF ROCKS 


In determining the distribution pattern of 
the Clarke uranium numbers throughout the 
area, samples were taken from as many ex- 
trusive and sedimentary rocks as possible 
from Lower Paleozoic — Silurian through 
Lower and Middle Paleogene, also from 
Caledonian and the five Variscian intrusive 
complexes. The pattern of the sampling loca- 
tions was more or less uniform throughout the 
area, the weight of the samples ranging from 
0. 2 kg to 3.0 kg, depending on the grain of the 
mineral aggregates and the uniformity of the 
distribution of incrustations in them. De- 
termination of small amounts of uranium was 
done by the P. A. Volkov and A.N. Razzhivina 
method [18]. The precision of this method, 
as demonstrated by numerous determinations 
of the same samples, is about 10%, never ex- 
ceeding 20%. 


In determining the uranium content in 
samples from the same outcrop, it has been 
established that deviations from the average 
content fall within the limit of error for the 
method, only occasionally exceeding it. That 
enabled us to test composite samples from 2 to 
5 specimens macroscopically and microscopi- 
cally similar. This grouping has cut down the 
number of chemical analyses without an appre- 
ciable decrease in the accuracy of determining 
the average uranium content in rocks. 


Fluctuations in the uranium content in 
samples of the same variety of rocks but taken 
from different outcrops were considerably 
larger than in rocks from the same outcrop. In 
such instances, we used the mean quadratic 
deviation in determining the allowable limit of 
error. 


When a deviation satisfied equation Xj — 
X < 36, the analysis was used in computing 
the average content by balancing the determina- 
tions for the area (Xj is the value of each deter- 
mination; X is the average value of all deter- 
minations; 6 is the mean quadratic error). 


The same method was used in computing the 
uranium content for the several groups of sedi- 
mentary, extrusive, and intrusive rocks from 
different extrusive and sedimentary formations, 
and in determining their uranium Clarke num- 
ber. The thickness of sedimentary and ex- 
trusive rocks, as well as the area, was taken 
into consideration. 


URANIUM CONTENT IN SEDIMENTARY, 
EXTRUSIVE, AND INTRUSIVE ROCKS 


The uranium content in sedimentary rocks 
is given in Table 1. It shows that carbonaceous- 
siliceous metashales have the highest uranium 
content; organic limestones, shales next high- 
est; and sandstones, tuffaceous sandstones, 
siltstones, and dolomites following them. The 
lowest uranium content has been observed in 
metamorphic schists, tuffaceous conglomerates, 
and limestones. 


The extrusive rocks are classified according 
to the Hatch-Wells scheme for igneous rocks 
[32]. The uranium content in these rocks is 
shown in Table 2. This table shows the highest 
uranium content for a group of rocks including 
quartz porphyries, felsites and tuffs, tuffaceous 
lavas, and tuffobreccias, followed by andesite 
porphyries, porphyrites and tuffs, and tuffo- 
lavas; dacite and andesite-dacite porphyries 
and their tuffs are the lowest in uranium. 
Despite the fact that andesite-dacite porphyries 
and their tuffs are classified as acid rocks, 
they are more akin to intermediate rocks in 
uranium content, while quartz porphyries, 
felsites and their tuffs, tuffolavas, and tuffo- 
breccias, are acid rocks. 


Table 1 


Uranium content in various groups of sedimentary rocks (in gm/ton) 


Number] Urani- 
of Jum con 


amples} tent 


Carbonaceous-sili- 
ceous metashale 


Organic limestone 
Shale 


Sandstone 
Siltstone 


Sandstone and tuffa- 
ceous sandstone 


Rock of 
sample | tent 


Urani- 
um con- 


Numbe 


Dolomite 
Metamorphic 
schist 


Same 
Tuffaceous 
conglomerate 


Limestone 
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Table 2 


Uranium content in various groups of extrusive rocks 
(in gm/ton) 


Uranium 
content 


Acid 
Including: 


quartz porphyry, felsite and their 
tuffs, tuffolavas, tuffobreccias; 397 


andesite-dacite porphyries and their 


tuffs 302 
Intermediate: andesite porphyrites, 


porphyrites and their tuffs, tuffolavas 258 


A higher uranium content was observed in especially quartz syenite porphyry and grano- 
| the Kyzylnur quartz porphyries (up to 10 syenite porphyry, also granites, alaskite, 

? gm/ton), and in quartz porphyries and felsites granophyre, microgranophyre, quartz por- 

» of the Shurabsay (up to 10 gm/ton) and Oyasay phyry, felsites, and aplites. The uranium 

j (up to 15 gm/ton) formations. The most typical content in intermediate rocks is higher for 

/ uranium content for other acid varieties is 1.5 syenite and syenite porphyry and lower for 

' to 2.5 gm/ton. Deviations from these values diorite, diorite porphyry, monzonite, and 

» are comparatively rare and usually do not ex- syenite-diorite. 


| ceed their double figure. 
Rocks of the V-5 complex have the highest 


it Rocks with the lowest uranium content in- uranium content. This is particularly true for 

4 cluded andesite porphyrite and their tuffs from the Muzbel granophyre and granosyenite por- 

>, the Akchinsk formations (0. 9 gm/ton), Lower phyry (8.5 gm/ton), Chorukhdayron aplite 

» and Middle Devonian dacite and andesite- (7.5 gm/ton); minor intrusions of quartz por- 

| dacite porphyries (0. 8 gm/ton), and the phyry, microgranophyre, quartz syenite por- 

» Sarysiyun porphyrites (0. 7 gm/ton). phyry; Babaytaudor quartz syenite porphyry and 
Table 3 


Uranium Content in various groups of intrusive rocks 
(in gm/ton) 


Number of |} Uranium 
samples } content 


° 


SaNwoO Cc 6 


Acid 
Including: 
quartz syenite porphyry and granosyenite porphyry 
granite, alaskite, granite porphyry, microgranophyre, quartz 
porphyry, felsite, aplite 
granodiorite, granodiorite porphyry, aplite 
Intermediate 
Including: 
syenite, syenite porphyry ‘ : i 2 
diorite, diorite porphyry, monzonite, syenite diorite 
Basic: f 
gabbro, gabbro-diorites, diabase porphyrite, lamprophyres, 
gabbro-syeniteé. 


2 


~~ Oo 


= mw NdYw wm Ww 


granosyenite porphyry (6 gm/ton); Kyzylnur 
quartz-porphyries and granite-porphyries 
(4. 8 gm/ton); and rocks of the V-4 complex, 


The uranium content in intrusive rocks is 
given in Table 3. Here, the highest uranium 
‘content is characteristic of acid rocks, 
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especially the stocks of microgranite and 
granophyre; aplite (7.0 gm/ton), and Shaydan 
granite (6.5 to 6.7 gm/ton). Higher con- 
centrations of uranium have also been identi- 
fied in aplite and aplitic granite of the V-1 
complex (4. 7 to 5.0 gm/ton). 


Anomalous uranium contents have been 
noted in isolated samples of Babaytaudor quartz 
syenite porphyry and granosyenite porphyry; 
Muzbel granite porphyry and granosyenite 
porphyry (up to 25 gm/ton); Kyzylnur quartz 
porphyry and granophyre (up to 20 gm/ton); 
Shaydan granite (up to 15 gm/gon); and in V-5 
quartz porphyry, felsite, felsite porphyry, 
microgranophyre, and quartz syenite por- 
phyry (up to 15 gm/ton). 


With the exception of V-1 aplite and aplitic 
granite, all these intrusive rocks with a higher 
uranium content belong to the youngest (V-5 
and V-4) Variscian igneous rocks. 


A comparison of the uranium content of in- 
trusive and extrusive rocks (Tables 2 and 3) 
shows that it is about 25% lower in all extru- 
sive than in intrusive rocks. It is also true 
that acid rocks in both groups have the highest 
uranium content; this is particularly true for 
subalkalic varieties. Granodiorite, 
adamellite, and their extrusive analogues, 
are more similar to intermediate than to the 
acid rocks in uranium content, with grano- 
diorite and adamellite carrying considerably 
less uranium than the syenite and syenite 
porphyry. Basic rocks have the lowest 
uranium content. 


Published data on the uranium content in 
various rock groups are comparatively numer - 
ous; some of them are listed in Table 4. 
Despite the considerable divergence in these 


figures, they all suggest, as our own figures 
do, a progressive uranium increase for the 
series basic + intermediate ~ acid rocks. 


We used A.P. Vinogradoy's data (Table 5) 
in determining the deviations in the uranium 
content for the several groups of volcanic 
rocks in the area under study, from its average 
content in the crust. Because the intrusive and 
extrusive rocks differ in uranium content, the 
corresponding data are listed separately. 


A comparison of Tables 5 and 6 shows that, 
according to A.P. Vinogradov, the most acid 
rocks in the area under study are granite, 
quartz porphyry, felsite, etc. ; the most inter- 
mediate rocks, diorite, andesite porphyry, etc. ; 
i.e. , rocks representing the bulk of his acid and 
intermediate rocks. As to the other rocks of 
our regions, their uranium content differs ap- 
preciably from A.P. Vinogradov's figures. 


Table 6 shows that the syenite and syenite 
porphyry, of the intermediate rocks, carry 
more uranium than the diorite, andesite- 
diorite, etc. ; among the acid rocks, grano- 
diorite, adamellite, dacite porphyrite, etc., 
carry less uranium than the granite, quartz 
porphyry, and felsites; while syenite. 
porphyry and granosyenite porphyry carry 
more. That has enabled us to distinguish 
varieties of acid and intermediate rocks, dif- 
fering considerably in uranium content. Char- 
acteristically, the highest uranium content for 
both the acid and intermediate rocks is as- 
sociated with higher alkalinity. The higher 
uranium content in basic rocks, as compared 
with A. P. Vinogradov's data, is explained by 
the fact that we have assigned gabbro syenites 
to that group along with gabbros; their uranium 
content is in places higher than in the gabbro 
samples. 


Table 4 


Uranium content in various groups of volcanic rocks (by weight %) 


Author Basic rocks 


A.P. Vinogradov [6] 


R.D. Evans and 
C.D.Goodman [31] 


N.B. Keevil [33] 
F.E. Senftle [35] 


Larsen, Jr., Fair, 
Gottfried, and 
Smith [13] 


8.D. Turovskiy [25] 


Intermediate 


mania Acid rocks 


1.8-10-¢ 


1.4-10-4 


2.6-10- 
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Table 5 


Uranium content in volcanic rocks (After A. P. Vinogradov) 


By weight % 


Basic rocks (basalt, gabbro, norite, diabase, etc.) 
Intermediate rocks (diorite and andesite) 
Acid rocks (granite, liparite, rhyolite, etc.) 


Table 6 


Uranium content in volcanic rocks of the north Tien-Shan southwestern prongs 
(by weight %) 

SS 

Basic rocks Intermediate rocks Acid rocks 

(gabbro, lampro 

phyres, diabase | Diorite, Syenite, Granodior-| Granite, Quartz 

porphyrite, andesite syenite ite,adamel-+ quartz por- syenite por- 

etc.) porphyrite,| porphyry |lite,dacite |phyry, fel-| phyry and 
etc. site, etc. | granosyenite 

porphyry 


INTRUSIVE 
1.4-10-4 =| 1.9-10-4| 3.1-10-4] 2.2-10-4 ] 3.9-10-4| 5.8-10-« 
EXTRUSIVE : 
}1.5-10-¢, — | 1.4--€ |2.4-10-6| 


i The average uranium content in sedimentary, 2.1 gm/ton. Its comparison with that for the 
i extrusive, and intrusive rocks is given in crust (Table 8) shows it to be lower than the 
' Table 7. These figures show the intrusive to lowest of the numbers cited, that of A.P. 
| be higher in uranium than the other two. Vinogradov. 
F contol be noted that the average uranium URANIUM IN EXTRUSIVE SEDIMENTARY 
: ‘ oka FORMATIONS AND INTRUSIVE COMPLEXES 

[ stone and limestone, for sedimentary rocks; 

f and on acid varieties of the extrusive and in- We shall pause for certain regularities in 

' trusive rocks. This is because these rocks the distribution of uranium in sedimentary - 
are high in uranium and are most common in effusive rocks of various ages and in intrusive 


The average Clarke number for uranium in 
southwestern prongs of northern Tien Shan is Table 8 


Clarke indexes for uranium in the crust, 
after authors (after A. A. Saukov [ 23]) 


: 
i the area under study. complexes. 
; 


Table 7 


Average uranium content in sedimentary and 
extrusive rocks (in gm/ton) 


Authors By weight % 


Number of 
samples 


Average 


Rock content 


Clarke and Washington (1924) 8-410-3 


A. Ye. Fersman (1933-1939) oes 
A.P. Vinogradov (1949) 3-10-4 
In the area under study 2-1-1074 


Sedimentary 
Extrusive 
Intrusive 


} 
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Lower Paleozoic sedimentary rocks — 
Silurian (Pz, + S), Lower to Middle Devonian 
(Dj+2), and Upper Devonian to Lower Carbonif- 
erous (D3 + Cj) — are marked by a compara- 
tively low average uranium content of 0. 8- 

1.0 gm/ton (Figure 1). It grows larger in the 
Mynbulak (C142), Akchinsk (C3k), and 
Sarysiyun (C3) formations, being 1.5, 1. 8, 

and 2.3 gm/ton, respectively. It drops off to 

1. 1 gm/ton in the Oyasay formation, and 
gradually rises again in younger formations: 
Shurabsay (Pj), 1.8; Kyzylnur (P3), 1.9; 
Jurassic rocks, 2.0; Cretaceous, 2.5; and de- 
creases slightly in the Paleogene, to 1. 7 gm/ton. 


The higher uranium content in Cretaceous, 
Jurassic, and Upper Permian rocks is due to 
the wide development of shale and sandstone, 
high in uranium, especially the shales. Paleo- 
gene organic limestones, although high in 
uranium (3.3 gm/ton), occupy extremely small 
areas compared with other Paleogene deposits; 
as such, they do not appreciably affect the 
average uranium content. 


The high uranium content in Sarysiyun 
(C38) and Akchinsk (C3@k) formations is ac- 
counted for by the presence of carbonaceous - 
siliceous and calcareous-siliceous metashales 
and organic limestones. Microscopic and 
chemical studies of the shales, limestones, 
and sandstones have revealed that rocks high in 
uranium are also comparatively high in Corg, 
P 50s, and S, which is of some interest. No 
definite relation has been observed between 
the uranium and carbon dioxide content. 


Age of rocks 


Ob 1 14 
U-content 


i822 28 


FIGURE 1. Average uranium content in 
sedimentary rocks of various ages 
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Not all samples rich in Corg alone or P205 
alone are also uranium-rich. This is explained 
by geochemical features of the uranium behavior, 
and by the properties of organic matter [4, 14, 
15, 36]. The chemical analysis of a shale 
sample with fine coal partings is of interest. 
This sample was found to have a high content 

of Corg and S, and a low P9Os and U content. 
These Coal shales were formed in an arid 
climate, in basins with a fairly low pH [19, 

29]. Now, it is known that at low pH values, 
both the hexa- and tetravalent uranium forms 
soluble compounds but cannot be precipitated 

as phosphates. Consequently, the presence of 
phosphatic acid radicals, under such conditions 
as described above, may have promoted a 
uranium concentration. 


A comparison of the uranium content in 
shale, claystone, and sandstone with about the 
same Corg, P20s, and S concentration, has 
shown an excess of uranium in shale and clay- 
stone over that in the sandstones. 


Apart from the solution concentration differ - 
ence, this is due to the mineral composition of 
the argillaceous rocks and their fine grain [ 21, 
22]. The importance of the fine grain in the 
adsorption of uranium was especially stressed 
by R. F. Beers and C.D. Goodman [ 30]. 


The extrusive rocks. Lower to Middle De- 
vonian extrusives have the lowest average 
uranium content of 1. 1 gm/ton (Figure 2). 
trusives of the Akchinsk (1. 3 gm/ton) and 
Sarysiyun (1. 3 gm/ton) are also low in uranium, 
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FIGURE 2. Average uranium content in 
extrusive rocks of various ages 


| with the Mynbulak formation somewhat higher 

| (1.8 gm/ton). The uranium content rises’ 

‘ sharply to 2. 3, in the Oyasay formation, de- 

| creases to 1. 9 in the Shurabsay formation, and 


} increases again to 2. 2 in the Kyzylnur forma- 
) tion. 


Such a distribution of uranium is explained 

} by its higher content in the most acid varieties 
) (quartz porphyry, felsites, their tuffs, and 

) tuffolavas), going from older formations to the 
¢ younger; also by the considerably better de- 

* velopment of these rocks in younger extrusive 

| formations, compared with the older. 


In the older Akchinsk and Mynbulak forma- 
) tions, the uranium content in acid rocks is 
1.8 and 2. 2 gm/ton, respectively; it is higher 
| in younger formations: the Oyasay, 2. 3; 
Kyzylnur, 2.6; and Shurabsay, 3.9 gm/ton. 

| The progressive predominance of acid rocks, 
‘ going from older to younger members in each 
4 formation is demonstrated in the following 

# instances: quartz porphyries, felsites, their 
 tuffs, and tuffolavas constitute a mere 10% of 
?) total extrusives in the Mynbulak (C149) and 
» Akchinsk (C3ak) formations; they account for 
7 as much as about 90% of the Oyasay forma- 

© tion, while the Kyzylnur (P9) extrusives are 

“ represented almost entirely by the most acid 
+ varieties. 


Rocks of the intrusive complexes exhibit 


f an even more definite relationship between 
their uranium content and age. The Caledonian 
) intrusions are characterized by the lowest 

» uranium content (Figure 3). It is higher in the 
& Variscian intrusions. The average uranium 
content in the V-1 and V-2 cycles is 2. 2; V-3, 
2. 8; it increases to 4.5 and 5. 2, respectively, 
-in V-4 and V-5. Thus the uranium content in 
younger intrusives is more than 100% greater 
than in the older. 


Intrusive complexes 


iy 18 22 26 S44 4B 82 
U-content in gm/ton 


FIGURE 3. Average uranium content in rocks 
of various intrusive complexes 


€ - Caledonian intrusions; V-1 - V-5 - 
Variscian intrusive complexes 
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Of interest in the light of these results are 
I. Ye. Smorchkov's data on the distribution of 
rare elements in volcanic rocks, in the south 
of the area. He tells us that the uranium con- 
tent in the three intrusive complexes he has 
studied rises from the older to the younger, and 
that it is higher in intrusive rocks than in the 
extruSive. 


As has been stated, the highest uranium con- 
tent marks the most acid and subalkalic rocks, 
especially the younger ones. The intermediate 
and basic rocks, also granodiorite and 
adamellite, are marked by about the same 
uranium content in all complexes; only in rare 
instances is it higher in the younger ones (Fig- 
ure 4). 


Thus, as the role of alkalies and silica 
grows larger in intrusive rocks, from older to 
younger, the uranium content grows with it; it 
should be stressed again that this is most 
especially true for the acid and subalkalic 
varieties. The very same rocks are usually 
marked by a higher volatile content. 


The relation between the amount of uranium 
in rocks and their content of alkalies, silica, 
and CaO + MgoO, is graphically illustrated by 
the results of analyses, presented in a ternary 
diagram (Figure 5).? 


This diagram shows that the uranium con- 
tent in rocks rises with that of alkalies and 
SiO9, and inversely with the content of alkaline- 
earth elements (Projection I-II). For the same 
SiOz content, varieties higher in alkalies are 
also higher in uranium (Section III-IV). For the 
same alkaline-earth elements’ content, those 
rocks with the alkali/SiO9 ratio shifted toward 
the alkalies are richer in uranium (Section 
V-VI1). It follows that the uranium content rises 
in proportion to the silica content, and especial- 
ly that of alkalies, with potassium predominant 
among the alkalies in our example. 


These features of the uranium distribution 
in volcanic rocks corroborate once more A. Ye. 
Fersman's views [ 26] on the uranium concentra- 
tion in residual magmas, and A. G. Betekhtin's 
views [4] on its accumulation in acid deriva- 
tives of magmas characterized by a higher 
alkalinity. In considering the uranium behavior 
in magmatic differentiation, E. Larsen, Jr., 
Fair, Gottfried, and Smith [13] also pointed 
out that rocks rich in uranium are the youngest, 
usually high in SiOy and KO and low in CaO and 
MgO. The preference of uranium for acid 


2Used for the diagram in Figure 5 and for Table 
9 were chemical analyses by N.P. Vasil'kovskiy 
[5], I.M. Volovikova, O.P. Yeliseyeva, P.S. 
Kozlova, G.A. Pavlova, E.K. Rybalova, I. Ye. 
Smorchkov, and the present authors — a total of 
135 analyses. 
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Average uranium content in intrusions as a function of its content in 


several varieties of rocks, and their distribution in these complexes 


A = uranium content in gm/ton; B - areas of rocks, in %; Acid rocks: 1 - quartz 
syenite porphyry and granosyenite porphyry; 2 - granite, alaskite, granophyre, 
microgranophyres, quartz-porphyries, felsites, aplites; 3 - granodiorites, 


granodiorite-porphyries, adamellite. 


rocks: 
syenite. 


rocks, and its progressive accumulation in 
younger acid differentiates, are discussed in 
considerable detail also in works of L. A. 
Tauson, B.I. Zlobin, L.L. Leonova [ 24], 
M.S. Filippov, L. V. Komlev [ 28] and others. 


The concentration of uranium in younger 
acid differentiates, highly alkaline, is fairly 
well substantiated, and so is the genetic rela- 
tion of uranium to acid rocks high in SiOg, 
and, what is particularly important, in 
alkalies. It seems to us that the higher 
alkalinity of a magmatic melt is one of the 
critical factors promoting the uranium ac- 
cumulation in younger magmatic derivatives. 


D.1. Mendeleyev pointed out in his time that 
acid radicals of compound salts are represented 
usually by radicals of weak polybasic acids 
[16]. The acid-forming ions in these com- 
pounds are present in their highest valence. 
Potassium and sodium salts of such acids are 
readily soluble. 


All of that fully applies to compound salts of 
uranium, molybdenum, and tungsten, belonging 
to the same subgroup in the periodic system. 
Lower valency ions of these elements are more 
basic than the high valent ions. For this rea- 
son, in order to depress these basic properties 


Intermediate rocks: 
porphyry; 5 - diorite, diorite porphyrite, monzonite, syenite-diorite. 


4 - syenite, syenite 
Basic 


6 - gabbros, gabbro-diorite, diabase porphyrite, lamprophyres, gabbro- 


of a complex-forming low-valent ion, the en- 
vironment must be more alkaline than that in 
the forming of the compound radical of a higher 
valent ion. It follows that a higher alkalinity 
promotes the formation of complexes, also the 
entry into the compounds of a higher valency 
complex-forming ion. 


The relation between acidity-alkalinity and 
the oxidation-reduction processes exists-also in 
a magmatic melt [1l, 27]. A. Ye. Fersman 
[27] points out that a rise in the alkalinity of a 
magmatic melt, or "a strengthening of cations 
in a melt, especially if accompanied by a rise 
in the oxygen content, should lead to the forma- 
tion of compound anions out of a portion of the 
cations". 


The feasibility of metallic ions acquiring a 
higher valence as the strong cations become 
more numerous in a melt is demonstrated by 
the ascendence of Fe203 over FeO, going from 
basic to subalkalic and alkalic rocks. This is 
illustrated by analytic data for the area under 
study (Table 9), and particularly so by R. 
Daly's data [10], in Table 10. 


Thus, as the alkali and silica contents rise 
in a magmatic melt, conditions are set up, 
favorable for forming readily mobile uranium 
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FIGURE 5. Uranium content in rocks as a function of their content of 
| K,0 + Na20, $i09, Cad + MgO 
a - general view of ternary diagram - Kj0 + Naj0, Si09, Ca0 + MgO; b - 
diagram segment under study; c - orthogonal projection of diagram points 
to straight line I-I1; d - sectionIII-IV; e - section V-VI. 
[17, 20]. In addition, the alkalies are capable 


' compounds, important factors in its subsequent 
concentration in alkali-rich acid magmatic dif- 
ferentiates, as well as in postmagmatic solu- 
tions. 


of combining ions participating in the formation 
of readily volatile compounds of uranium and 
other elements, as far as forming such min- 
erals as williamite [8]. All that will be re- 


In explaining the higher uranium content in flected in the accumulation of a certain amount 


alkalic rocks, we must consider the under - 

saturation of a melt in silica, which may lead 
to the formation of less soluble uranium salts, 
in certain instances of a definite alkali excess 
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of uranium in alkalic rocks and in its subse- 
quent distribution, as the result of a later 
magmatic and postmagmatic activity, with the 
formation of its higher concentrations. 
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Table 9 


Ratio Fe903/FeO in rocks of southwestern prongs of north Tien-Shan rocks 


Number of 
samples 


Fe203/FeO 


Roc ks 


Acid: quartz syenite porphyry and granosyenite porphyry 
granite, alaskite, granite porphyry, microgranophyre, 
quartz porphyry, felsites, aplites 
granodiorite, granodiorite porphyry, adamellite 

Intermediate: syenite and syenite porphyry 
diorite, diorite porphyrite, monzonite, 
syenite-diorite 

Basic: gabbro, 'gabbro-diorite, diabase 
porphyrite, gabbro-syenite 


ee ee 


Table 10 


Ratio Fe9O3/FeO in rocks of various compositions, 
after R. Daly (see also [ 26]) 


Rock name 


Fe 203/FeO p.2-o.4 0.5 e.s 


SUMMARY 4. The highest uranium content in sedi- 
mentary rocks, has been observed in carbona- 
1. The average uranium content for all ceous-siliceous metashales; next lowest in 
rocks in the north Tien-Shan northwestern organic limestones and shales, followed by 
prongs is 2.1 gm/ton. Intrusive rocks are sandstone, siltstone and dolomite; and the 
characterized by its higher content (2. 8) as lowest in siliceous metamorphic schist and 
compared with the extrusive (1. 8) and sedi- limestone. 


mentary (1. 6). 

5. The main feature of sedimentary rocks 
with a comparatively high uranium content is 
their higher content of organic carbon, phos- 
phorus, and sulfur. The high uranium con- 
tents are most common when the three com- 
ponents occur simultaneously. 


2. In both the intrusive and extrusive rocks, 
a higher uranium content is associated with 
acid varieties, followed by intermediate and 
basic. It should be stressed that the highest 
uranium content is associated with the most 
acid rocks, and particularly with their sub- 
alkalic varieties, with the maximum uranium 
content present in the youngest intrusive com- 
plexes. In the intermediate rocks, a higher 
uranium content characterizes the alkalic 
varieties. 


In conclusion, the authors take this oppor- 
tunity to express their gratitude to A. A. Saukov 
for his advice and suggestions; to N.P. Zaytseva 
and L.M. Toldova, who assisted in the uranium 
determination; and to V.I. Danchey, I.P. Kush- 
narev, V.N. Levin, A. F. Utkin, and other com- | 


rades, for their suggestions and assistance. 
3. A higher content in a melt, of silica, 


volatiles, and — what is most important — of 


alkalies, as the result of a long geologic REFERENCES 

evolution of a magmatic center, promotes the 

formation of mobile uranium Compounds and 1. Abdullayev, Kh.M., et al., Osnovnyye 
their accumulation in magma differentiates of cherty magmatizma i metallogenii 

higher alkalinity, and in postmagmatic solu- Chatkalo-Kuraminskikh gor. [MAIN 
tions. FEATURES OF IGNEOUS ACTIVITY AND 
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ALUNITE DEPOSITS, THEIR CLASSIFICATION 
AND ASSOCIATED PROCESSES? 


by 


M. A. Kashkay 


Alunite and alunitic rocks are extremely in- 
, teresting in mineral composition, petrochemi- 
, Cal features, and origin; they constitute valuable 
raw material for alumina (and metal aluminum), 
potassium fertilizers, aluminum sulfates, soda, 
special cements, and a number of minor, rare, 
| We have studied them 
© for many years [1, 2]. 


A detailed study of Dashkesan alunite, along 

' With visits to deposits in other areas and a 

| perusal of the literature of alunite of various 
countries has led us to certain general con- Fe, 
clusions. Og. 


Although alunite is quite common, the de- 
posits have been little studied, compared wit 
other ore and non-ore minerals. Our map of@ 
the alunite deposit distribution (Figure 1) “¥ 
shows an association with certain definite tec= 
tonic zones, especially the mobile geosyn- 
clinal provinces, mostly those of the Alpine ki 
folding. Known among the alunite deposits are 
the Dashkisan(Zaglik) group in Azerbaydzhan; 
Fanshan and Taifu in the Chekiang Province 
(China); Civitavecchia, 40 km from Rome, Italy; 
Marysvaic (Utah, U.S.), and others: These de- 
posits have not been worked, up to now, be- 
cause aluminum has been obtained mostly from 
bauxites which have a comparatively simple 
chemical composition (A1203- H20) and are 
readily processed. 


In connection with the developments in cer- 
tain branches of industry, where it is import- 
ant to reduce the bulk weight, the study and 
production of alunite becomes economically 
important. The alunite distribution pattern 
in the crust, along with its geologic occurrence 
and physicochemical properties, sheds light on 
a number of interesting theoretical points, 
particularly on the morphology and formation 
conditions of ores, mineral paragenesis, and 
geochemistry. 


1Alunitovyye mestorozhdeniya, ikh klassifikatsiya 
i soputstvuyushchiye protsessy, (pp. 72-79). 
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Aldahisleed sire may be classified according 
to five génetic criteria; the petrochemical fea- 
tures ofthese rocks and the mineralogy and 
chemistry of the ores do not provide an adequate 
basis of classification. The following types 
have bgen;distinguished: 


. 1. Metasomatism of rocks by ascending 
sulfur gases and hydrothermal solutions, in 


“genetic relation to intrusive igneous activity. 
- We have designated this type as the Dashkesan 
' (Zaglik) or Fanshan. 


These alunites are form- 
ed in the reaction of aqueous gas solutions, an 
exhalation of the intrusive magmatism, on the 
enclosing aluminosilicate rocks, mainly vol- 
canic, commonly acid to intermediate, such as 
tuffite, tuffaceous sandstone, tuffobreccia, 
tuffoconglomerate, and porphyrite. Alunitized 
secondary quartzites are also formed in this 
process. 


2. Rock metasomatism by ascending sulfur 
gases and hydrothermal solutions genetically 
related to extrusive igneous activity. These 
alunites are formed by volcanic craters or in 
their immediate vicinity. This is the crater 
or Kamchatka type deposit. Init, gases and 
hydrotherms of a solfatara react upon extru- 
sive rocks of the same extrusive stage. Under 
such conditions, the alunitization of rocks, or 
alunite deposition, proceeds at a temperature 
of gas-vapor hydrotherms, up to 200°C. 


3. Vein and pocket formations, the vein and 
Marysville type, are represented by the 
Marysvale deposits (Utah) where alunite is 
associated with fluorite, adularia, garnet, 
sulfides, and other hydrothermal minerals. 
The veins of alunite and associated minerals 
occur in rhyolite and their tuffs. In the Hot- 
field, Nevada, deposits, veins and pockets of 
alunite occur in rhyolite, dacite, and andesite. 
Alunite is associated with quartz, gold, sul- 
fides, kaolin, iron oxides, and locally with 
jarosite, diaspore, and sericite. 


4, Metasomatism of aluminosilicate rocks 
is effected by descending sulfate solutions, the 
Tolf type (near Civitavecchia, Italy). Upon being 
decomposed in an oxidizing medium, the 
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|sulfides (pyrite, etc. ) promote the formation of 
ja sulfurous solution which reacts with 


}Ssame series. Similar metasomatic alterations 
occur along fractures.. For instance, there is 
+/no alunite in trachyte, in those locations at 
/Tolfa where pyrite is missing. 


| 95. Crystallization out of sulfurous colloidal 
} solutions — the Zhuravlinskoye type. Such 
‘solutions are formed in the decomposition of 

/ sulfides and reduction of sulfates, in the pre- 
1Sence of carbonate rocks which participate in 
+the natural chemical process. 


_. The alunitization process of aluminosilicate 

rocks is accompanied by pyrophyllitization, 

J Kaolinization, sericitization, silicification, and 

partial chloritization. The intensity of these 

9 processes, the nature and degree of rock 

jalteration, and a parallel occurrence of several 
mineral-forming processes, are closely related 


to the petrochemical and physicochemical condi- 


| ‘ tions under which the metasomatic processes of 


| -¢: . . 
© these classification types run their course. 


' Major commercial alunite deposits belong to 
) those classification types with conspicuous 
‘metasomatic processes. The nature of these 
extremely interesting phenomena can be 
demonstrated in a number of deposits, such as 
the Dashkesan group in Azerbaydzhan, and 
Fanshan and Taifu in China. 


In the Dashkesan metallogenic region, 
skarn iron-ore deposits, pyrophyllite, alunite, 
‘Kaolinite, and sericite, are associated with a 
definite stratigraphic unit in contact with in- 
‘trusions of granitic and hybrid gabbro rocks. 
'Metasomatic alterations in the enclosing rocks 
are determined by the temperature drop, out- 
ward from the contact. Thus a skarn-iron ore 
‘interval of the Dashkesan intrusive contact zone 
) passes directly to a pyrophyllite-alunite interval 
(the northwestern Kyrvakar deposits); going 
farther west, the amount of alunite in the same 
'Metasomatically altered stratigraphic unit in- 
creases (Alunitdag deposit); farther on, in the 
'Zaglik deposit, this interval carries largely 
alunite (over 50%, on the average); in the 
“western part of the Zaglik deposit, the alunite 
content increases, and the mineral occurs in 
the rock itself as well as in hydrothermal 
lenses and veins. Large hydromica and sericite 
lenses (5 to 10 m) have been observed among 
skarns of the eastern section of the meta- 
somatically altered unit. 


The alunitized, pyrophyllitized, and kao- 

- linitized rocks carry relicts of the whole rock 
and of individual aluminosilicate and metasili- 
cate minerals. 


We see then that rocks metasomatically 
altered are those in a definite unit — tuffites, 
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tuffaceous sandstones, tuffobreccias and tuffo- 
conglomerates at the base of the Kimmeridgian 
volcanics — with limestones in the floor re- 
maining unaltered. Tuffoconglomerates (Fan- 
shan) and rhyolites (Taifu) are alunitized in the 
Chinese deposits. In deposits of the Kazakh 
and Uzbek S.S.R., alunite is associated with 
secondary quartzite. 


All these metasomatically altered rocks are 
brokenup by a network of fractures instru- 
mental in the processes of alunitization, pyro- 
phyllitization, and kaolinization. These proc- 
esses were active also along the schistosity 
planes, as witness the intensive alunitization 
and alunite nodules, often oriented with the 
schistosity. The gases and solutions moved 
along the contacts of volcanic rocks and under- 
lying limestone which turned out to be inert 
with respect to the metamorphosing ingredients. 
The alunitization process was most intensive 
in the middle part of the alunite bed; it died 
down toward the periphery with its less-favor- 
able physicochemical conditions, where a slight 
alunitization was accompanied by a partial 
ironstone alteration or kaolinization. 


The mineral composition and structure of 
these new formations depend on the nature of 
the metasomatic process and the lithology of 
the original rocks. Typical of alunitized rocks 
are the following structures: brecciated, 
oriented-amygdaloidal, spotty, veined, layered, 
schistose, vein-lenticular, finely dispersed, 
and fine-grained. 


The principal minerals are alunite, pyro- 
phyllite, kaolinite, quartz, hematite, and 
limonite; associated minerals include 
chalcedony, opal, zunyite, hydromica, seri- 
cite, diaspore, halloysite, dickite, corundum, 
fluorite, magnetite, chlorite, and barite. 

Table 1 presents the chemical analyses of 
hydrothermal alunite, kaolinite, and sericite, 
also of alunitized, pyrophyllitized, and meta- 
somatically unaltered volcanic rocks. Ac- 


cording to analysis one, the stoichiometric 
formula for K-na-alunite will be? 


0. 6K S04: 0. 4Na2SO4- Al2(SO3)4- 2A12(OH)6 
And its crystallochemical formula, 
(Ky, 37Nap,64)2,01 (Als.90Fe>*, roel OH] 12, 157 


[SO4]3.98 


Among the principal ore components in a 
volcanic rock, K9O and NagO are present in 


2The K/Na ratio varies but K is always present 
in larger amounts. 
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Table 1 


Chemical analyses of hydrothermal minerals in alunitized and pyrophyllitized 
rocks of the Dashkesan (Zaglik) deposit group 


| Alunitized vol- | Pyrophyllitized | Metasomatically 
Chemical Alunite Kaolinite | Sericite canic rock | volcanic rock unaltered rock 
components (average of 63 (average of 30 |from the same for- 
| . analyses) analyses) mation (av.of 10 anal. 


—= 
i=) 


0. 
0.00 
36.82 
1.08 
0.0 


S cCwnms 
Ses bee te ag | fie 


about the same amounts as in the alunitized and Sile.% 
pyrophyllitized type. It follows that no addition 56 is 
or removal of these oxides has taken place. e 
Plagioclases in volcanic rocks of the oligoclase- 54 
andesite and andesite series have an average 62 
Na/Ca = 30/70 isomorphic mixture ratio. : ’ 
Potassium entered the composition of potassic 60 
feldspars, anorthoclase, and micas. 58 

Graphs in Figures 2, 3, and 4 show the 
mutual relationship of various chemical com- 56 
ponents. Sebi dis x 


The chemical composition and alunite con- 
tent of the ores depend on the degree of aluniti- 
zation in the rocks. It has been determined that 
potassium and sodium are not replaced isomor- 
phicly but rather form a solid solution. Identi- 
fied in our alunites, with a composition similar 
to the theoretical, are Strontium, titanium, cal- 
cium, and ferrous iron in 0.n%; vanadium, mag- 
nesium, and barium in 0. 0n%; gallium, lead, and 
chromium in 0. 00n%; and copper only in weak 
lines. These elements isomorphically replace 
potassium, sodium and aluminum, according to 
the similarity of their ionic radii (Ri). In 
alunites, SO4 may be replaced by PO4’** or 
AsOq4°**; Fe-:: is replaced by Al:+:; with the 
corresponding minerals formed under such 
conditions. 


With this in mind, the processes of aluniti- 
zation, kaolinization, and pyrophyllitization may 
be represented as follows. 


*The Zaglik alunite formula is based on the author's FIGURE 2. Si0, content as a function 
chemical analysis (Table 1). of alunite content (in %). 
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10 20 JO 40 3 60 10 80 7) 100 
Alunite %y 


FIGURE 3. Content of K20 and Naj0 as a function of 
alunite content (in %). 


; I. Alunitization of feldspars: 
Na,O - Al,O3 - 6SiO2 + 2[CaO - Al,O3 - 2SiO.] + KO - Al,O; - 6SiIO, + 
isomorphic mixture orthoclase 


+ 6S0;8H,0+ K,O-Na,O-3Al,03-4S0,-6H,O + 2H,0- Al,03- SiO, + 


alunite kaolinite 
+ 14SiO2. + 2CaSO,. 
quartz sulfate 


Il. Pyrophyllitization of plagioclase: 
Na,O- Al,0;- 6SiO, + 2 [CaO. Al,O,-2SiO,] -+|- 3SO, + 4H,O =. 


plagioclase 
—> 2[{H,O-Al.O,-4SiO,] + 2H,O- Al,0,-2SO, + Na,SO, + 2CaSQ,. 
pyorphyllite kaolinite sulfates 


Ill. Alunitization and pyrophyllitization: 
Na,O- Al,O;- 6SiO, + x [CaO- Al,O,- 2SiO,] + 6SO, + Absgo Any ob 


isomorphic mixture 


+ K,O-Al,0,-6SiO, + 7H,O — H,O-Al,O,-4SiO, + 


orthoclase pyrophyllite 
+ K,O-Na,0-3Al,0,-4SO,-6H,O + 12SiO, + 2CaSQO,. 
alunite quartz sulfate 


IV. Kaolinization of plagioclase and orthoclase 


Na,O- Al,O,-6SiO, +- 2 (CaO- Al,O,-2SiO,] + 2SO, + 6H,O +O — 


isomorphic mixture 


(AbsoAn79) 
> 3 (2H,O- Al,O,- 2SiO.] + Na.SO, + CaSO, + 4SiO,. 
kaolinite sulfate quartz 


V. Kaolinization of orthoclase 


K,0 M4 Al,O3 y, 6SiO2 ap SO; se 9H,0 =2H,O : Al,O3 - 2SiO», + 4SiO2 + KeSO,. 


orthoclase kaolinite quartz potassium sulfate 
These five reactions reflect in full the kaolinite, and quartz; the excess sulfate ions 
natural processes of alunitization, pyrophy1- of cations, being unstable, are removed by 
litization, and kaolinization, in the Zaglik- solutions. 
Kyrvar deposit. It appears that the final pro- 
ducts of all reactions are alunite, pyrophyllite, On the basis of thermal data, this author 
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Sample 
750 w eight 94,5 


FIGURE 5. Differential thermal curves 
(a) and those of the loss of weight 
(b) for Dashkesan alunite 


FIGURE 4. Content of SO. as a function 
of the content of other oxides (in %). 


1 = milk-white alunite, from a Zaglik de- 

posit vein; 2 - same from an Alunitdag de- 
posit vein; 3 - alunite, dark-gray with a 

purple tint, from the Kyrvakar deposit. 


950,990 


FIGURE 6. Thermal curves for minerals from the Dashkesan (Zaglik) deposits 


1 - alunite; 2 - pyrophyllite; 3 - diaspore; 4 - kaolinite; 5 - sericite. 
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‘proposes, in cooperation with I. A. Babayev, 
“two methods of computing the amount of alunite 
in rocks and of its reserves in a deposit. 


__ 1. In the chemical method, the recommend- 
ed sulfur factor is 2.553. The amount of 
jalunite is obtained by multiplying the 4SO3 con- 
ftent in a rock (in %), by this factor. The other 
ysuggested factors for alunite components are: 
)2.675 for alumina; 1.00 for alkalies; and 5.916 
‘for water; they are not as accurate as the 
isulfur factor and are to be used only for con- 
«trol. 


2. In the thermal method, the percent con- 
ent of alunite in an alunitic rock, and the ore 
sreserves in a deposit, can be determined with- 
sout a chemical analysis. 


We identified two endothermal maxima in the 
= Zaglik alunite thermograms (Figure 5): 1) at 
9530 to 575°C, corresponding to the loss of all 
jwater, for 2Al9(OH)g; and 815 to 830°C, corre- 
‘for Alp(SO4)3, and decomposition; the SOz ion 
icombined with K and Na is subsequently lost. 


740°C, or lower, corresponds to the loss of 
}quartz from alunite, with its peak dropping 
ydown to zero, as a consequence. 


Of interest is a correlation of the thermo- 
‘grams for alunite, pyrophyllite, diaspore, 

: kaolinite, and sericite from the same Dashkesan 
jdeposits (Figure 6). 


__ The percent content of H9O and SOg in the 
Jalunite rock is determined from the thermo- 
gram. The figure so determined for SO3 is 

Multiplied by factor 1. 33 (1/4 of the % content 
for SO) to find the total amount of SO in the 
)rock. The corresponding amount of alunite is 


Sobtained by multiplying the result by the sul- 


; 


63 


M.A. KASHKAY 


REFERENCES 


Kashkay, M. A. , Fiziko-khimicheskiye 
issledovaniya alunitov iz Zaglikskogo 
mestorozhdeniya (Zakavkaz'ye). 

[ PHYSICOCHEMICAL STUDIES OF 
ZAGLIK ALUNITES (TRANSCAUCASUS)]: 
Doklady, Akad. Nauk SSSR, t. 24, no. 9, 
1939: 


Kashkay, M.A., Alunitizatsiya i kaolini- 
zatsiya v Zaglikskom mestorozhdenii. 
[ ALUNITIZATION AND KAOLINIZATION 
IN THE ZAGLIK DEPOSIT]: Izd. Azerb. 
fil. Akad. Nauk SSSR, 1939. 


Butler, B., and H. Gale, Alunite a newly 
discovered deposit near Marysvale, 
Utah. U.S. Geol. Surv. Bull., no. 511, 
1912. 


Kashkai, M. A., The hydrothermal and 
hydrothermal-metasomatic formation of 
kaolin and a genetic classification of clay 
rocks. Clay Minerals. Bull., vol. 4, 
no. 21, 1959. 


Yih, L.F., The alunitization and pyro- 
phyllitization of the rhyolite and tuff in 
some maritime districts of southeastern 
China. Acad. Sci. Mem. Nat. Res. Inst. 
Geology, no. 1, 1931. 


Institute of Geology, 
Academy of Sciences, Azerb. S.S.R. 
Baku 


Received, 9 August 1960 


NEOTECTONIC TRANSVERSE DEFORMATIONS 
IN THE SOVIET CARPATHIANS! 


by 


M. M. Zhukov 


Much attention has been given to the tec- 
tonics of the east Carpathians, in Soviet and 
foreign literature, and there are differences in 
interpreting the tectonic plan for that extreme 
northeastern segment of Alpine folding in 
Europe. In the final account, these differences 
are reduced to the magnitude of horizontal dis - 
placements complicated by thrust-faulting and 
folding within the Carpathian mega-anti- 
clinorium; also to the nature of the allochthon- 
ous Mesozoic blocks in the main anticlinorium 
zone, and to some other, less, essential, 
points. 


Nevertheless, not enough consideration has 
been given to more recent Carpathian deforma- 
tions developed along a quite different, non- 
Carpathian plan. We refer here to the tectonic 
disturbances which are expressed as struc- 
tures transverse to the general Carpathian 
trend, some of which are of regional magni- 
tude. These transverse dislocations in the 
east Carpathians, both folding and faulting, are 
the subject of this article. 


The best tectonic maps of the Soviet east 
Carpathian sector were obtained as a result of 
1946-1949 surveying by a joint expedition of the 
Ordzhonikidze Moscow Geologic Exploration In- 
stitute and the Ukrainian Geological Administra- 
tion. 


This joint group, under the direction of A. A. 
Bogdanov, used all earlier works of foreign 
geologists and contributed much to the geology 
of a country formerly studied piecemeal, with- 
in the state boundaries as they changed in the 
course of history, until the union of the western 
provinces of the Ukraine with the U.S.S.R. 


The results of these works were published in 
a number of articles by A. A. Bogdanov [2-5], 
M. V. Muratov [12-13], V.1. Slavin [19]; A. A. 
Bogdanov, B.P. Vysotskiy, and Yu. M. 


1Neotektonicheskiye poperechnyye preobrazo- 
vaniye Sovetskikh karpat, (pp. 80-87). 
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Pushcharovskiy [5]; A. A. Bogdanov and Yu. M. 
Pushcharovskiy [3]; A. Ye. Mikhaylov [11], Yu. 
M. Pushcharovskiy [17], and M. V. Muratov 
and N.I. Maslakova [14]. 


Much additional work was done in the follow- 
ing decade, by mineral exploration organiza- 
tions and in the course of systematic large- 
scale surveying assisted by drilling. Some of 
the results were published by O.S. Vyalov [7]; 
V.S. Sobolev, V.P. Kostyuk, et al. [ 20]; 1.B. 
Pleshakov [16], S. M. Korenevskiy [8, 9], Ya. 
O. Kul'chitskiy [10], and others, 


A new method of geomorphologic interpreta- 
tion has lead to a substantially new understand- 
ing of the rebuilding of the Carpathians. The 
gist of this interpretation is as follows. It was 
determined from topographic maps that the 
Rika and Terebl Rivers, the two right tribu- 
taries of the Tissa and flowing parallel to each 
other, had an elevation difference of 150 to 200 
m, in a cross-section distance of 3 to 4 km, in 
the Nizhneye Bystroye village area. The two 
tributaries join the Tissa, 30 to 40 km from 
this cross-section. The distance between their 
mouths is 22 to 23 km. The elevation differ - 
ence for their base of erosion does not exceed 
afew meters. The question arises: why such a 
great difference in their middle course ele- 
vations? The answer was found in a geomor- 
phologic map showing contours on the erosion 
cut (Figure 1) (points of river channels with the 
same absolute elevation). Elevations in water- 
sheds were not considered by themselves; they 
were interpolated to the level of adjacent 
channels. The contour interval is 100 m. 


Not all river valleys in the Dnestr, Tissa, 
and Prut system were used for the map: only 
those with headwaters in the main watershed of 
these three rivers. Rivers flowing from inter- 
mediate watersheds, such as Borshava, Tur'ya, 
Bol'shaya and Malaya Ugol'kas, Tyacheva, 
Luzhanka, Apshitsa, Shapurka, Srednyaya, 
Kosovka, and other Transcarpathian rivers 
flowing from the Poloninsk Range, were not 
considered. Also omitted were rivers flowing 
from the Vigarlat-Gutin Range (Tsigani, Stara, 
Kuchava, Viznitsa, Irshava, etc.) and 


} 
FIGURE 1. 


t Precarpathian rivers flowing from the "'skib" 
)(tectonic scales) ridges. 


This selection is based on the following con- 
' sideration: although the headwaters of short 
-Yivers rise to the same absolute elevations as 
those of the long ones, the curvature of their 
profile has a smaller radius and thus gives an 
exaggerated idea of the erosional differentia- 
tion pattern in the Carpathian massif. 


Selected for mapping were subsequent 
valleys and their resequent courses. The con- 
sequent and obsequent courses of the same 
rivers were disregarded, the consequent, be- 
Cause their points are located on lines coin- 
ciding with the contours; the obsequent, as re- 
flecting a direction of flow opposite to the gen- 
eral. 


The 100 m contours on the erosion cut run 
generally parallel to each other, with a north- 
westerly trend, along the Carpathian axis. 
Thus, their trend is parallel to that of the 
Carpathian mega-anticlinorium axis and re- 
flects the overall and some of the differential 


H : . 
i, Numerals are absolute elevations of river bottoms. 
meganticlinorium core within the 500 m contour (absolute elevation) . 
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Contours on the river erosion cut in the Soviet Carpathians 


Inclined lines: the 


uplift of that structure. The map distance be- 
tween the contours decreases upstream, on both 
slopes of the Carpathians, which is in accord- 
ance with the curvature of the river profiles. 


A study of Figure 1 reveals that the geomor- 
phologic method considerably refines our idea 
of the tectonics of this area. More specifically, 
it leads to a momentous discovery of a regional 
normal fault transverse to the Carpathian axis. 
In Transcarpathia it passes over the Rika- 
Terebl watershed. The proof of its existance 
rests in the above-mentioned difference in the 
bottom of these rivers, as correlated along 
lines parallel to the Carpathian axis. The 
amount of displacement so determined is 200 
to 250 m, with the Rika basin in the down- 
thrown western block. 


The initiation of this transverse fault corre- 
sponds to the westerly plunge of the main anti- 
clinorium axis, in Transcarpathia. It cuts 
and displaces the lines of thrust and the axes of 
anticlinal structures in the Rika-Terebl water- 
shed. In the main Dnestr-Tissa watershed, 
evidence of a meridional fault is present in an 
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abrupt change of the water -dividing ridge ele- 
vations. East of the alleged fault, the eleva- 
tion is 1443 m, while a pass west of it has an 
absolute elevation of 941 m. 


In Precarpathia, this fault passes through 
the Stryy-Svitsa watershed, more precisely that 
of their tributaries, the Opur and Sekul. The 
bottoms of the last two, as correlated along 
lines parallel to the Carpathian axis, show a 
100 to 150 m elevation difference. Present in 
the same Precarpathian region is the boundary 
between watershed elevations 1000 to 1500 m, 
in the east, and less than 1000 m in the west 
(G.I. Raskatov's map). 


It is to be noted that the above-mentioned 
difference in river elevations for the Stryy and 
Svitsa basins has not been observed in the 
Dnestr alluvial plain. The 300 m contour 
drawn on absolute elevations of the Dnestr and 
its tributaries, the Stryy, Svitsa, Lomnitsa, 
Bystritsa, and Nadvornyanskaya, is not broken 
like the higher contours but presents an almost 
straight line parallel to the Carpathian 
escarpment, i.e., parallel to the Carpathian 
trend. There is no such straightening of the 
300 m contour, in Transcarpathia. This may 
be due to the fact that the evolution of the Pre- 
and Transcarpathian troughs has taken a dif- 
ferent course. 


South of where the Rika and Terebl come out 
of the Transcarpathian (Solotvinsk) trough, the 
fault becomes difficult to trace fromthe relief. 
It is possibly represented by the meridional 
course of the Khustitsa River. It has been defi- 
nitely established by drilling in the Velyatina 
village area, the Gutin Massif on the right 
bank of the Tissa. Judging by a Tertiary 
marker bed, the west side is downthrown, as 
much as 500 m. 


The straightening-up of the 300 m contour 
in Precarpathia is probably due to the fact that 
elevations of the present-day channels of the 
right tributaries of the Dnestr are measured on 
the thick Quaternary fill of the Precarpathian 
trough. These deposits conceal the fault trace 
which obviously continues here. 


It is quite probable that this fault continues 
in the Russian platform as the faults discovered 
by drilling in the Rava-Russkaya area. Here, 
the east side of the platform is split up into 
blocks, depressed as much as 1000 m in the 
west. The total downthrow has been determined 
from the total thickness of the Devonian and 
Carboniferous, missing in the downthrown limb 
between the Jurassic and dislocated Silurian. 


This tectonic buildup of the Carpathians was 
noted in geologic maps compiled by the A. A. 
Bogdanov expedition. A tectonic scheme based 
on them was published by A. A. Bogdanov [ 2] 
and reproduced as our Figure 2. This scheme 
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shows that the principal longitudinal faults, suc’ 
as the Transcarpathian Magursk thrust and othe: 
north Carpathian "'skib" thrusts, were detected 

but not marked by appropriate symbols. 


The same scheme is the positive proof of the 
relative uplift of the east Carpathian block along) 
the tectonic suture we have discovered. This 
evidence is presented (see Figure 2) by 1) the 
slightly depressed segment of the outer down- 
warped zone, in the east; 2) the segments of 
the uplifted folded basement of the inner down- 
warped zone, in the east; 3) segments of the up- - 
lifted folded basement of the synclinal zone, in 
the east; and 4) projections of ancient crystal- 
lines in the Marmarosh massif, also east of the : 
suture. 


This transverse break in the east Carpathian | 
mega-anticlinorium is not unique. N.S. | 
Filimonova-Rastochinskaya discovered after 
detailed field work in the Uzh River basin area, 
a number of transverse meridional breaks in 
folded structures, with the Verkhne-Berezinsk 
anticline the largest among them. East of the 
Uzh valley, this anticlinal fold is broken up by 
parallel normal faults. The map shows con- 
vincingly that the resulting blocks form a step- 
ladder pattern, descending eastward. The 
magnitude of this vertical displacement cannot 
be estimated from the data on hand This 
problem, which we believe to be of practical 
importance, requires further study. 


Our transverse disturbances in the Rika- 
Terebl watershed, in the east of the Soviet 
Carpathians, considered together with those in 
the Uzh basin, suggest the presence of an im- 
portant feature, not described as yet in litera- 
ture. We shall call it the Staryy-Latorits 
saddle. 


After their initiation at the close of the Meso- 
zoic and in Paleogene, the Soviet Carpathians 
have undergone complex changes brought about 
by differential vertical movements along lines 
transverse to the axis of folding. A critical 
event was the rise of the mega-anticlinorium 
axis in the northeastern folding segment, in 
Chivchin and Bukovina, where the geosynclinal 
structures abut at the southwestern rim of the 
Ukrainian and Dobrudja crystalline massifs. 
The resulting sharp turn in the trend of the 
principal mega-anticlinorium axes, from south- 
east to south, has brought about the Bukovina 


uplift mentioned in the I. V. Vysotskiy paper 
[6]. 


It should be noted, however, that the edge of 
the Russian platform, to the northeast, was not 


2Our sketch does not show the Uzh basin faults. 


M.M. ZHUKOV 


FIGURE 2, Tectonic scheme of the Soviet Carpathians 
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Numerals are | - slightly depressed portion of the outer downwarped zone; 
2 - uplifted basement segments of inner downwarped zone; 3 - uplifted 
basement segments of the synclinal zone; 4 - projections of ancient crys- 
talline rocks - the Marmarosh Massif. 

Dashed line - the alleged transverse fault of theSoviet Carpathians. 


the only factor controlling the bend of the east length and depth. It is therefore expedient to 
| Carpathian mega-anticlinorium axis. The fact pause for an analysis of the tectonics in the 

) that the geosyncline extended along the north- western part of the Russian platform, and of 
j eastern rim of the rigid Hungarian massif, the relation between its fringe structures and 
) might have played an important part. In this the Carpathian orogeny. 


_ framework, the situation in the central part of 


| the Soviet Carpathians shapes up as follows. The western edge of the platform descends 


The subsidence of the east Carpathian mega- into the Danish-Polish trough, in two tectonic 
anticlinorium axis, in the Rika-Uzh watershed, steps. The upper of the two (the eastern) is 
'is a natural compensatory movement, resolved suggested in the Pozharyskiy map [16a], near 


in faults trending transverse to the general Rava-Russkaya; it trends northwest, approxi- 
Carpathian trend. The age of these transverse mately through Lublin, crosses the Vistula 
movements may be Upper Oligocene (Miocene) near the Vepsh mouth and Warsaw, recrosses 
to Lower Quaternary. it, and comes out on the Baltic coast, 25 to 30 
km southwest of Darlovo. The presence of a 

The Riki-Terebl fault acquires new interest step-ladder fault zone fringing the Baltic shield 

in the light of recent drilling data from the in Sweden (Scania) is suggested in some papers 

Rava-Russkaya area and material published in presented at the Twenty-First Session of the 

Polish literature (V. Pozharyskiy, [16a]). In International Geological Congress [ 21]; the 

N.S. Shatskiy's opinion (oral communication), western blocks are depressed. The north- 

it is of planetary significance because of its westerly trend of that faulting puts it in line 
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with that noted for the Danish-Polish trough. 
The island of Bornholm is located between the 
Swedish and Polish coasts of the Baltic Sea. 

It should carry evidence of this deformation 
along the western edge of the Russian plat- 
form (Figure 3). 


the downthrow of the western block has been 
determined geomorphologically at only 200 
to 250 m. Finally, in the Gutin massif, on 
the left bank of the Tissa, the displacement 
reaches 500 m, measured on the Tertiary 
sequence. 


FIGURE 3. 


There is an appreciable difference in the 
magnitude of vertical displacement along this 
fault, from north to south, as determined by 
various methods. It is possible that a northerly 
extension of this fault is present in the Jutland 
Peninsula and in the southwest of Norway. 
Unfortunately, we have no data to that effect. 
Judging from a diagrammatic cross-section 
appended to the map of Scania [ 21], the total 
vertical displacement in Sweden attains several 
kilometers, on the top of the Precambrian. 


This compares with the amount of throw at 
the east margin of the Danish-Polish trough. 
As measured at the base of the Triassic, in the 
platform and in the trough, it reaches 5 or 6 
km. As traced southeast, the displacement at 
Rava-Russkaya is up to 1000 m, on the base of 
the Jurassic. Within the Rika-Terebl watershed 


’ 
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Trace of the alleged planetary rift 
(dashed line) 


How are we to put together these seemingly 
incongruous numerical data for the same fault 
zone? It should be noted that the displacement 
has been determined on different stratigraphic 
levels. The older the datum horizon, the 
greater is its displacement. In the second 
place, the movement of the western blocks is 
reflected even in the present Carpathian relief. 
This may be of practical importance for rea- 
sons set forth below. 


The polymetal and low-temperature miner- 
alizations of antimony, mercury and other 
elements are undoubtedly associated with young 
meridional faults. Another proof is the min- 
eral and gaseous springs, such as those in the 
Mezhigor'ye village area, in the Rika basin. 
Their trend coincides with our regional trans- 
verse Carpathian fault. 


In conclusion, we note that the water con- 
servation reservoir on the Terebl, the tunnel 
in the Terebl-Rika watershed massif, and the 
+ Rika hydroelectric station, were built without 
9 adequate geologic consultation. At the present 
{time, these costly structures are in danger of 
collapse. A deformation was discovered in 
©1957-1958 on the left side of the Rika, where 
#the water tunnel branches off to the hydroelec- 
) tric station. A comprehensive analysis of this 
? phenomenon by competent geologists and geo- 
ilogical engineers is called for. There may be 
two reasons for this deformation. One is the 
>| creep of the tunnelled-through unconsolidated 
} rocks over the massif. If so, the danger is not 


"| A : 
t too serious and can be easily prevented. 


qj 


The other possible cause of the damage to 
the water pipes and perhaps the tunnel itself 
# may be shifts along the shearing planes of a 
i fault zone, such as mentioned here. Our 
fault may cut right across the tunnel. In that 
> event, more substantial geological-engineering 
measures will be called for. 
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The Cretaceous and Tertiary deposits of 
)Turkmenia are little known geochemically. 
| /Some geochemical data have been obtained by 
ithe All-Union Geological Exploration Institute 
*(VNIGNI) in connection with oil and gas in 
-Turkmenia. This article deals with the results 
2 of studying the iron occurrence, as the first 
/Stage of these studies. Material was obtained 
‘mostly from cuttings and cores from explora- 
Wtion holes drilled in three regions: 1) south- 
|western Turkmenia, the west Turkmenian 
trough; 2) central and northern Turkmenia, the 
‘Kopet -Dag trough and Karakum Platform, 
Galong the Ashkhabad-Tashauz line; and 3) south- 
= eastern Turkmenia, the Murgab trough. 


pee 


id 


The iron occurrence was studied in con- 
/nection with the oxidation-reduction condi- 
‘tions. The work was confined to determining 
»the forms of reactive iron, both ferric and 
|ferrous, extracted by weak hydrochloric acid; 

» and of pyritic iron, computed from the 
analytically determined sulfide sulfur. The 
‘analytic method used was on the whole similar 
‘to that of I.Il. Romm, L.A. Gulyayeva, N.M. 

) Strakhov and E.S. Zalmanzon, K.F. Rodionova, 
) and other students; for this reason, we will 
Not go into its details. The analyses were 
/made in the VNIGNI Hydrochemical Laboratory, 
| under the direction of M.G. Shapovalova, also 
by A. K. Khomutovskaya. 

A section ranging fromthe Recent to Upper 
Cretaceous was drilled through, in 1956-1957, 
in the Aladag-Messerian zone of the west 
Turkmenian trough, mostly in the area of 
-Izat-Kul, Rustam-Kal, and Dayandyk anti- 
clinal structures. The Upper Cretaceous is 
represented here by alternating claystone, 
dense limestone, and sandstone beds; the 
eroded Cretaceous is overlain by rocks of 
various ages, up to the Pliocene (in the crest 
_of the [zat-Kul structure); the Paleogene is 
represented mostly by gray to brown clay with 


1 Tipy okislitel'no-vosstanovitel'nykh obstanovok 
v melovykh i tretichnykh otlozheniyakh Turkmenii, 
(pp. 88-100). 
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occasional marl and green-gray sandstone. 
The Chokrak section consists of alternating 
tough green-brown claystone, fine-grained 
gray sandstone, and marl. Some of the tests 
penetrated the Konkskian and Sarmatian stages 
represented by tough green-gray claystone. 
The Red Bed formation is missing. Resting 
directly on Miocene (locally older) rocks are 
Akhagyl claystone with intercalations of sand, 
marl, and argillite. The Apsheronian is made 
up of alternating gray, greenish, and bluish 
Clay with occasional lentils and pockets of fine- 
grained sand. 


Studied here along with the Aladag-Messerian 
zone were Apsheronian and Akchagylian rock 
samples for the Kamyshldzha area, also cut- 
tings and cores from six tests (mainly the 
Apsheronian) in the Kum-Dag oil field area, 
taken in 1953-1954. 


Studied along the Ashkhabad-Tashauz line 
were the 1957-1958 well samples. The oldest 
deposits reached here are Upper and Lower 
Cretaceous claystone, marl, and sandstone. 
The Paleogene is represented by marly to 
sandy claystone. The Miocene is more diversi- 
fied, with alternating marl, siltstone, lime- 
stone, and claystone. It is overlain by the 
Kazganchay continental formation with oc- 
casional sandstone lentils. The Akhagylian 
is represented by clay. An areno-argillaceous 
post-Akchagylian section takes in continental 
deposits correlative with the Apsheronian, as 
well as the Quaternary rocks. 


Samples of Upper Cretaceous and Paleogene 
deposits from two tests in the Kushka and 
Karapoch areas were studied in southeastern 
Turkmenia. The Upper Cretaceous (Danian 
and Senonian) consists of sandstone and clay- 
stone with limestone and anhydrite beds. The 
Paleogene is represented by limestone with 
anhydrite, claystone with siltstone, and oc- 
casionally by sandstone. 


The results of our studies, averaged for the 
stratigraphic intervals in each test, are pre- 
sented in Tables 1, 2, and 3. The following 
symbols for reactive forms of iron are used in 
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Table 1 


Forms of iron in Cretaceous and Tertiary deposits of southwestern Turkmenia 


% of rock weight % of Z Fe® : 
Type o 
seen Test No. a - e Fe" oxidation 
sample| Fe” | Feycy| Fes | 2Fe | Fe™ Feu Ss fips ou 
4 |2.54| 0.29 | 0.03 | 2.86]88.8] 10.1 | 1.1 I 
seritar Si ae he 4 10.51] 2.28 | 0.01 | 2-80]/18.2| 81.4] 0.4] II 
Leet Total 2 
eS 
i - .40| 4.59 | 0.03 | 2.02}/18.8] 79.4) 1.8) II 
Apsheroniay 22,Rustem-Kala | 9 [1-45 1.10 | 0-03 | 2.28/48.6| 50.1 | 4.3] 11 
luding: 
above 600 m 4 |1.48| 0.94 | 0.02 | 2.44/58.7| 40.2) 1.4 I 
below 600 m 3 |0.72| 4.34 | 0.03 | 2.06]35.1] 63.2] 1.7 II 
43 4 |0.55| 4.18 | 0.49 | 2.22] 24.8] 53.1 | 22.4 II 
47 4 10.73] 1.44 | 0.04 | 2.21/33.0] 65.2 | 1.8] Il 
56 4 |0.97].4.42 | 0.06 | 2.45}46.5| 50.8} 2.7] II 
57 3 11.60] 0.94 | 0.02 | 2.57|57.5] 44.3] 1.2 I 
4, Kamyshldzha 7 |0.82| 1.70 | 0.03 | 2.55| 341.9] 66.9} 1.2] I 
116, Kum-Dag 8 |0.67| 2.13 | 0.05 | 2.85/22.3] 75,3] 2.4] Il 
292, Kum-Dag 5 |0.30| 2.10 | 0.01 | 2.44] 20.1] 79.4] O.5] Il 
308 3 10.70| 1.93 | 0.03 | 2.66| 26.4] 72.6) 4.0] II 
310 8 |0.85| 2.06 | 0.02 | 2,93/29.0] 70.3) 0.7] I 
311 2 14.00] 2.34 | 0.04 | 3.35] 29.8] 69.9} 0.3] II 
322 5 |0.60| 4.74 | 0.06 | 2.40] 24.5] 72.8] 2.7] I 
Total 59 | 
i ~ 4 |0.60| 1.94 | 0.03 | 2.57] 23.3] 75.5] 41.2] II 
Akehagyliay 22+ Rustam-Kala | 4 19.43] 0.99 | 0.22 | 1.64) 22.2| 60.6 | 43:2 | II 
47 3 |0.45| 1.45 | 0.01 | 1.64] 27,8] 71.5] 0.7] II 
56 4 |0,54] 1.29 | 0.03 | 1.83}27.9| 70.5] 41.6] II 
57 2 (1,12) 1,45 os on ae te aia u 
4 Kamyshldzha 2 |0.79] 1.67 | 0. , : : : 
116;Kum-Dag_ 5 |0.35] 1.78 | 0.05 | 2,16) 14.8] 82.4) 2.8) Il 
202008 n 3 |0.48]| 2.07 | 0.06 | 2.61)18.2] 79.8 | 2.2] II 
Total 18 
Miocene 47 3 10.37] 1.26 | 0.22 | 4.85] 20.6] 69.0 | 10.4] II 
56 7 10.64] 4.22 | 0.42 | 1.98) 31.8] 58.6] 9.6] II 
57 4 10.44] 0.82 | 0.24 | 4.47] 27.2] 56.0 | 16.8] II 
Total 14 
Palecees al 43 | 8 }o.41| 1.82 | 0.52 | 3.45 |32.4| 52.9 | 45.8 1 
Upper 50 48 |0.34] 0.92 | 0.44 | 1.46] 23.3] 63.0 | 13.7] Il 
Cretaceous Total 449 
*Average, computed from data for each sample. 
the Tables and in the text: Fe---, ferric iron marine sediments (except for the existing deep 
extracted with 5% HCL; Fe-- tq), ferrous iron oceanic basins) and in those of lacustrine 
extracted with 5% HCl; Fe::s, pyritic iron; basins, dependent on the oxidation-reduction 
zFe, total reactive iron. We designate the conditions at the diagenetic stage, which in 
oxidation-reduction environment types accord- turn is dependent on the organic content. 
ing to the ratios of their forms of reactive 
iron, after N.M. Strakhov [3]. This diagram shows the genetic relation 
between the several stages of iron trans- 
Figure 1 presents a diagram of changes in formation, in diagenesis, also the final ratios 
the ratio of the several forms of iron, in of the forms of iron, depending on the 
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Table 2 


Forms of iron in Cretaceous and Tertiary deposits of central and 
northern Turkmenia (along the Ashkhabad-Tashauz line) 


% of rock weight % of & Fe®* Type of 
es oo E Test No. bi = . : oxidation 
eRe Fit | Fes | ere ee Pencil Pectin aut 
Post- Ak- oS 
chagylian 4, izgant 2 |2,48| 0.65 | 0.04 | 2.88 | 77.3] 24.5] 4.2 I 
22, Ashkhabad 4 |4.84] 1.08 | 0.02 |} 2.94 |62.2) 37.4 | 0.7 I 
Total 7 4,64] 0.57 | 0.04 | 2.22 | 74.0] 28.3] 0.7 I 
Akchagyl- | 22, Ashkhabad 2 11,46] 4.60 | 0.44 |3.47 [45.4] 54.0] 3.61 Ir 
ian Total 3 1,00} 1.15 | 0.03 | 2.48 | 45.8] 52.9] 4.3] II 
Kazgan- 1, Izgant 4 |41.47] 0.59 | 0.03 |2.09 | 74.5] 28.4] 0.4 
chayfm. | 3, " 4 |4.30| 0.89 | 0.00 | 2.49 [59.3] 40.7] 0.0| ! 
2, ikghihabad 2 14.45] 1.64 | 0.07 |3.46 |45.0| 52.7} 2.3] |! 
10 4 |0.87| 1.63 | 0.03 |2.53 | 34.4] 64.4] 1.2] J 
Total 41 Il 
Lower 4, Izgant 4 |0.72}| 0.18 | 0.00 |0.90 | 80.0) 20.0] 0.0 I 
Neogene | 22,Ashkhabad 3 |0.53] 4.29 | 0.40 | 2.22 | 26.5] 59.2 | 44.3 I] 
10 5 |0.62| 0.94 | 0.46 |1.72 | 32.4] 58.7] 9.2] Il 
4, Tashauz 2 |0.87] 1.32 | 0.04 | 2.23 |40.0; 58.2} 4.8] II 
Total ~ 44 
Races 4, Izgant 4 |41.64] 0.21 | 0.00 | 4.85 | 88.6] 41.4 | 0.00 I 
taudan fm. ’ " 4 4 79 0, 77 0.00 2.56 69.9 30.4 0,00 I 
Total 2 
Paleogene | 
3, Izgant 2 10.39] 4.94] 0.53 | 2.86 |43.4] 68.3 ' 18.6] III 
22, Ashkhabad 7 10.421 4.44 | 0.76 | 2.32 |47.7] 50.4 | 32.2 | III 
Including: 
above 900m 3 |0.61] 4.30 | 0.34 | 2.25 | 25.8] 58.2 | 16.0 Il 
below 900'm 4 10.28] 4.03 | 4.08 | 2.39 | 441.6] 44.0 | 44.4] IV 
40 3 |0.86] 0.48 | 0.03 |4.37 |]62.7] 35.7] 1.6 I 
4, Seryy Zavod 7 10,29! 0,73 | 0.52 }1.54 |} 18.7] 50.4 | 30.9] III 
1, Tashauz 47 10.75] 4.44 | 0.53 | 2.42 | 25.4] 48.9 | 25.7 |I—II 
Including: 
above 345m 7 14.33] 1.64 | 0.44 13.38 | 39.8] 48.4 | 12.4 Il 
below 345 m 10 |0.34} 0.80 | 0.59 |4.73 |15.3] 49.5 | 35.2 | III 
Total 36 
Upper 10 
Creta- 4, Seryy Zavod 
CoOue » Tashauz 


Seryy Zavod 
Tashauz 


*Average, computed from data for each sample. 


oxidation-reduction potential. The qualitative 
changes in these ratios are represented by 
the curves' intersections in Figure 1. Lines 
drawn through these points are the boundaries 
of the four oxidation-reduction environment 


types. 
Type I. Oxidizing conditions. The extreme 
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left field in Figure 1. Ferric iron in absolute 
ascendance over all forms of ferrous iron. 
Pyritic iron virtually missing. Fe---> 50% of 
uFe Fe: -- > Fe’* yc)>Fe-+s. The lowest 
organic content and the highest oxidation- 
reduction potential. 


Type Il. Slightly reducing. Second field 
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Table 3 
Forms of iron in Cretaceous and Tertiary deposits of southeastern Turkmenia 
% of rock weight 


Age of Test No. 
deposits 


Paleogene 1, Karachop 
30, Kushka 


Total 


1, Karachop 
30, Kushka 


Total 


1, Karachop 


Grand Total 


* Average, computed from data for each sample. 
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& 


®> 
Ss 


% of ErZDofFe, reactive 
& 


Corg-~ increase 
Eh— decrease 


FIGURE 1. A basic scheme of relation between the ratios of forms of iron 
in rocks, for different contents of organic matter (after 
N.M. Strakhov), and types of oxidation-reduction environments 


Fe***, ferric iron extracted with 5% HCI; Fe**uc), ferrous iron extracted 
with 5% HCl; Fe**s, pyrite iron; Fe, total reactive iron; | - oxidation 
conditions; 11 - weak reducing conditions; 111 - reducing conditions; IV - 
strongly reducing conditions. 
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rom the left in Figure 1. Authigenic minerals 
formed at an oxidation-reduction potential 
omewhat lower than for Type I, because of 

ne higher organic content. Ferrous iron 
mainly sideritic) extracted by weak HCl, is 
sredominant. Pyritic iron less abundant 

jan the ferric. Fe: Hc) > Fe Sn DENS ta 


| Type Ill. Reducing. Third field from the 
(2ftin Figure 1. Ferrous iron, extracted 

y weak HCl, is predominant. Pyritic iron 
more abundant than the ferric but less 
‘bundant than the sideritic. Fe: Hci> Fe''s 
= Fe’ ee 3 

| 
_ Type lV. Strongly reducing. The right field 
jf Figure 1. Pyritic iron over 50% of total 
errous iron. Fe**¢>Fe** pc}. Virtually no 
ferric iron. 


| The presence of small amounts of ferric 
ron (up to 0, 3% of total rock weight) may be 
ue to oxidation of samples in storage and 
Srocessing. It also may be the effect of an 
/neven distribution of authigenic minerals 

a the rock and the presence of microzones of 
wcon reduction, unavoidable in an uneven 
Sistribution of organic matter in the sedi- 
ments. This small amount of ferric iron may 
+e disregarded in the computations. 


= Examples which do not fit this scheme sug- 
jest the presence of additional factors compli- 
ating the present mineral composition of a 
jock. Thus the presence of clastic pyrite may 
jadically disturb the ratios between the forms 
if iron, as established by chemical analysis. 
vecondary oxidation of pyrite may bring about 

simultaneous presence of considerable 
mounts of pyritic and ferric iron, with a low 
*iderite content, etc. All such deviations can 
fe explained only by a study of geochemical 


onditions for each particular instance. 


it 


Each environmental type, designated ac- 
Sording to the ratios of the forms of iron, may 
fe further subdivided by other criteria, such as 
ne forms of sulfur. More specifically, it is 

2 0ossible to use L. A. Gulyayeva's index for the 
+ bsolute content of sulfide sulfur. It char- 
+cterizes both the oxidation-reduction condi - 


ulfur content up to 0. 1% of the dry rock 
jreight; and b) with over 0. 1% sulfide sulfur. 
("he same values can be used, without an 
ppreciable error, for the pyrite iron content. 
|“hus, subtype Il-a includes all occurrences 
where the pyrite iron content in rocks is less 
‘han 0. 1%; with only the buried ooze water 
sulfates subject to reduction; and virtually 
lvithout any diffusion of sulfates from bottom 
yater and into the sediment, because of the 
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low content of sulfate-reducing organic matter 
or because of the quick burial. Subtype II-b 

is characterized by a pyritic iron content over 
0. 1% of total rock weight; by conditions favor- 
ing a diffusion of sulfates from bottom water to 


the sediment; and by a quick burial of the sedi- 
ment. 


The results listed in Tables 1, 2, and 3 are 
graphically represented in Figure 2, with well 
defined fields corresponding to the several types 
of oxidation-reduction environments. The 
dashed line marks the left boundary of field IV 
(strongly reducing environment) without the 
corrections (disregarding the amounts less 
than 0. 3%) for the ferric iron content. 


The bulk of samples studied is represented 
by argillaceous rocks, with but a few other 
rock types, so that the relation between litho- 
logy and the forms of iron cannot be established 
because of the effect of other and more power- 
ful factors. Ratios of the forms of reactive 
iron in our samples of rocks of different litho- 
logies do not exceed their fluctuation range in 
Clays. For instance, the ferric iron content in 
our samples fluctuates within the following 
range (in % of total reactive iron): in argilla- 
ceous rocks, 0 to 89; siltstones, 12 to 47; 
arenaceous rocks, 10 to 80;carbonates, 3 to 
38. The following values were obtained for 
ferrous iron, extracted with hydrochloric 
acid: argillaceous rocks, 10 to 98; siltstones, 
53 to 66; sandstones, 22 to 44; and carbonate 
rocks, 28 to 96. The figures for pyritic iron 
are: argillaceous rocks, 0.57; siltstones, 0 to 
22; sandstones, 0 to 44; and carbonates, 0 to 65. 


The relation between the organic content and 
the ratios of the forms of iron (and consequently 
our types of oxidation-reduction environments) 
fits the N. M. Strakhov scheme perfectly. Our 
data, averaged for the several types, are pre- 
sented-in Table 4 and in Figures 3 and 4. They 
show that the organic carbon content (averaged 
for each environment type) rises in proportion 
to the reducibility of the rocks. 


The actual carbon content increases 300%, 
going from an oxidizing to a strongly reducing 
environment. The organic carbon content 
(Corg)s with the losses of organic matter in the 
reduction of oxidized iron and sulfur compounds 
considered, rises even faster, 500%, in the 
same direction. These regularities become 
apparent only from averaged data, while in- 
dividual samples show considerable deviations. 
The obvious reason is the uneven distribution 
of organic matter and authigenic-mineral iron 
forms, throughout the rock. 


In Figure 4 the relation between the organic 
carbon content and the ratio of the forms or 
iron (averaged for each environment type) is 
represented in the same way as in Figure l. 
Graph A shows the residual, i.e., present, 
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FIGURE 2. Types of oxidation-reduction environments in 
Cretaceous and Tertiary deposits of Turkmenia 


Fe'**, ferric iron extracted with 5% HC1; Fe*"1;), ferrous iron 
extracted with 5% HCl; Fe--s, pyrite iron; ZFe, total reactive 
iron; | - oxidation conditions; Il - weak reducing conditions; 
I11 - reducing conditions; IV - strongly reducing conditions. 


content of organic carbon in rocks under study; 
graph B shows its content, i.e., the sum of the 
carbon present and that expended in the re- 

29 duction of iron and sulfur. Curves represent- 
ing the relative content of various forms of 
iron are similar to those in Figure 1. Having 


“ VA, FIGURE 3. Content of organic carbon in 
° Cretaceous and Tertiary rocks of 
- 15 Turkmenia 
9 
5a 1 - the present content Ont Evin hb of 
2 rock; 2 - capacity of the reduding process, 
a in % of Corg computed; | - oxidation condi- 
Sf tions; Il - weak reducing conditions; I11 - 
eS reducing conditions; IV - strongly re- 
& ducing conditions. 
05 
p established graphically the boundaries between 
Te ie, Si. the environment types in Figure 4, we obtain 
Types of Oxid. -Red. environment certain numerical data (averaged), 
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Table 4 


Some characteristics of the oxidation-reduction environment types in 
Cretaceous and Tertiary deposits of Turkmenia 


in % of © Fe Corg in % of rock by 
weight 


Environment types 


Computed | 

capacit 

(capacity o z “one 
i 


I. Oxidizing 


Il. Slightly reducing 
I. Reducing 


IV. Strongly reducing 


sharacterizing the transition from one type to 60 samples, with the average organic carbon 
jnother (Table 5). content (in %) computed for each type: Type I, 
0. 19; Il, 0. 44; III, 0.56; IV, 0. 43. 

*- For comparison, we used the geochemical 

ata of K. F. Rodionaova and Ye. F. Podol'skaya A comparison of these data with the corre- 
sponding figures in Table 4 shows a striking 
similarity in the carbon content for rocks 
assigned to types I, II, and III. Only the 


COPOLIO HOGG 12 146 


Corg (present) in % of rock weight 


Saal Vesa Tg Te 


‘iy Corg w % of rock weight 


FIGURE 4. Organic carbon content and the ratio of the forms 
of iron in Cretaceous and Tertiary deposits of Turkmenia, 
for different types of oxidation-reduction environments 


| = oxidation conditions; II - weak reducing conditions; III - 
reducing conditions; IV - strongly reducing conditions. 


Te 
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Table 5 


Averaged indexes characterizing the transitions between the 
types of oxidation-reduction environments for 
Cretaceous and Tertiary deposits of Turkmenia 


uae |Corg 
Types of oxidation- 
reduction 
environments 
Resid- z 
ual 


Transition from I to I} 0.35 
"mm 0-55 
" "OT" Iv 0.89 


" W 


Rodionova samples assigned to Type IV do not 
fit the general scheme. This may be due to the 
petrography as well as to the small number of 
samples (six of K. F. Rodionova's; ten of ours) 
or that environment type. 


The deposits we have studied in southwestern 
Turkmenia display a fairly monotonous iron 
distribution (Table 1). Fluctuations in the total 
reactive iron content (average of about 2. 5%) 
are in general agreement with lithology, with the 
maximum content (3. 45%) observed in heavy 
Paleogene clays, and the minimum (1.77 and 
1. 45%) in Miocene and Upper Cretaceous 
calcareous claystone and marl. 


Judging from their ratios of the forms of 
iron, almost all samples fall into Type II, the 
slightly reducing. The few exceptions are 
represented by Upper Apsheronian and 
Quaternary deposits from borehole 33, and 
Apsheronian deposits from borehole 57, both 
with oxidizing conditions. There seems to be 
a slight tendency for stronger reducing condi- 
tions, going down the stratigraphic section. 
Thus, Quaternary deposits in borehole 33 are of 
Typel, with Fe -:.Fe yoy Fe ae 
88. 8: 10.1: 1.1. In Upper Apsheronian of the 
same test, this ratio is 58. 7: 40. 2: 1.1 (Type 
I), with 35. 1: 63. 8: 1. 7 (Type II) below 600 m. 
In the Pliocene, the pyritic iron content, in 
all but borehole 43, ranges from 0. 16 to 2. 71 
(of the total reactive iron); in the Miocene, 
from 9.5 to 16. 8%. 


The higher pyritic iron content in the Paleo- 
gene (15.0%) and Upper Cretaceous (13. 5%) 
confirms this tendency, although each of these 
stratigraphic intervals is represented by a 
single test. With the general predominance of 
slightly oxidizing conditions, Type Il-a is most 
common in the Pliocene, with II-b for the 
Miocene, Paleogene, and Upper Cretaceous. 


The better characterized stratigraphic units 
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in % of 
rock weight 


Corg Fe ei. 


50 47 3 
20 60 20 
10 45 45 


(Apsheronian, Akchagylian) do not show any 
great changes in the ratios of the forms of 
iron, in tests drilled under different geologic 
conditions (maximum distance between tests, 
150 to 200 km). 


We have no adequate data on the causes 
bringing about this tendency for a higher re- 
ducibility in rocks, going down the section. 

We can only suppose that secondary oxidation 
takes place in the Upper Apsheronian, in such 
tests as 57 and 33. The absence of cleancut 
local changes in the environment types (save in 
test 43) suggests the prevalence of compara- 
tively uniform conditions throughout the area 
under study. 


A wider interval, from Lower Cretaceous 
to Quaternary, was studied along the Ashkhabad- 
Tashauz line, in the Karakum Platform and in 
the Kopet-Dag trough. As seen from Table 2, 
all four environment types are represented here, 
from oxidizing to strongly reducing. Changes 
in the environment types with the stratigraphic 
depth are much better expressed than in the 
west Turkmenian trough. The general re- 
ducibility trend is to rise, going down through 
the Paleogene, and drop off again in the 
Cretaceous. 


Figure 5 shows changes in the oxidation- 
reduction environment types along the line 
Ashkhabad-Tashauz, for the section and for 
each stratigraphic interval. The upper part of 
the diagram shows the environment types 
averaged for each unit, without any changes 
indicated within the unit, such as the presence 
of Type IV in the Lower Paleogene interval, in 
test 22. The lower part of the diagram shows 
the percent ratio of the forms of reactive iron, 
from individual samples, for each test. 


This diagram shows the overall change 
pattern for the oxidation-reduction conditions 
throughout the section, as well as the specific 
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features of individual units, and the local 
reducibility changes, often quite conspicuous 
against the general background. Thus, the 
Akchagylian deposits are marked by a con- 
sistently oxidizing environment, in complete 
accordance with their continental origin and 
shallow surface occurrence. Equally uniform 
are the Cretaceous deposits (from averaged 
data) or Type IIl-b. The greatest diversity 
exists in the Paleogene, with all four types 
present. 


These features of the cross-section help 
determine the conditions promoting secondary 
oxidation of the iron compounds. For instance, 
test 10 penetrated the Paleogene at the place 
where it is nost eroded. Obviously, the oxidi- 
zing environment established here from the 
forms of iron reflects a secondary oxidation 
during pre-Neogene erosion, rather than the 
diagenetic formation conditions. 


Similar, although less conspicuous changes 
in the environment type, within deposits of the 
same age, have been observed in other units, 
as well. Thus, the Kazganchay formation and 
the Lower Neogene show oxidizing conditions 
in the Izgant area, and weakly reducing condi- 
tions in the area of other tests. 


In the Izgant area,? oxidizing conditions pre- 
vail not only in the continental deposits (post- 
Akchagylian, Kazganchay, Karagudan) but in 
the marine, as well (Lower Neogene), with the 
Paleogene alone marked by reducing conditions. 
The position of this area in the cross-section 
suggests that the reason for that lies in hydro- 
thermal conditions. The proximity of this 
area to a water source area (Kopet-Dag), 
south of the cross-section line (to the left of 
the diagram) determines the hydrogeologic ac- 
cessibility of the Neogene deposits. This 
theory is in agreement with the almost absence 
of readily soluble salts, here, unlike other con- 
temporaneous deposits tested by other holes, 
along the same line. Obviously, the causes 
which brought about the flushing of salts also 
brought about a secondary oxidation of iron 
compounds (and the organic matter), in all 
post -Paleogene deposits of the region. 


Thus, standing out against the general back- 
ground of relations between the forms of iron, 
as determined by oxidation-reduction condi- 
tions of the diagenetic stage, in this area, are 
the secondary oxidation phenomena of the sub- 
sequent stages of geologic history. 


A study of Paleogene and Upper Cretaceous 
deposits, from two tests in the Murgab trough 


“Tests 1 and 3, Izgant, slightly west of the 
Ashkhabad-Tashuaz line, are combined and project- 
ed to the cross-section. 
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area (southeastern Turkmenia) shows the same 
pattern of change in environment types, througi 
out the section (see Table 3). The Paleogene ct 
both regions is marked by reducing conditions, 

with slightly to well developed reducing condi- 

tions observed in the Senonian sequence. 


With regard to oil and gas possibilities, 
such regionally consistent features of Paleo- 
gene deposits as the prevalence of reducing 
conditions accompanied by a higher organic 
content are of importance as a possible indi- 
cation of oil source beds. However, a final 
judgement cannot be passed before considering 
all of the evidence. 


The slightly reducing conditions in Neogene 
and Cretaceous deposits in the area under study 
rule out the possibility of their being oil source 
beds. This, however, does not preclude their 
constituting the reservoirs for petroleum 
migrating from elsewhere. We have not 
established any direct relation between the con: 
tent of oil in rocks, and the forms of iron in the 
presence of oil, on an appreciable scale, under 
these conditions. 


Twenty-eight of the total 56 samples of the 
Apsheronian in southwestern Turkmenia were 
taken and analyzed from the Kum-Dag oil field 
area, where the Apsheronian is producing. 
These samples do not differ greatly in their 
content of iron forms from Apsheronian 
samples from other tests. All six Kum-Dag 
tests show Type II environment, with the 
average ratlo Bevan hes ri@isie Cun cea 
20. 3: 73. 4:-L. 3. This ratio is 38. 2° 565 75am 
for six tests outside the deposit; without tests 
43 and 57, whose data reviate from the average 
this ratio is 36. 7: 61.4: 1.9. The only differ- 
ence between these groups of tests is the some: 
what higher sideritic iron content in the Kum- 
Dag samples and their lower ferric iron con- 
tent. This difference is rather small, never 
exceeding the fluctuations within a subtype, let 
alone the type of oxidation-reducing conditions. 
Nor are there any deviations from this index in 
test 4, the Kamyshldzha area, where produc- 
tion has been found in the Red Bed formation, 
with oil showings in the Apsheronian. 


A similar situation has been observed in the 
other areas of our study. The presence of oil 
showings in Lower Cretaceous deposits in the 
Tashauz 1, test is not reflected in the type of 
oxidation-reduction conditions; the same is tru 
for the Senonian gas in test 1, Karachop. 


Thus, we have not observed any direct rela- 
tion between the oil and gas content in rocks an 
the degree of reducibility of their iron com- 
pounds. This may be taken as additional evi- 
dence of secondary occurrence of oil in these 
deposits. It is not impossible, however, that < 
further study may reveal instances of secondar 
reduction, as an effect of petroleum, in the 


‘ame area. For this reason, we cannot al- 
vays assume the presence of reducing to 
trongly reducing conditions as evidence of a 
firimary occurrence of oil. 


We also studied, in cooperation with I. N. 
fflamonova, the oxidation-reduction potential 
ynd reactivity of the same deposits. The re- 
Jults are discussed in another work; here we 
Mention only some of the data obtained. 


¥ As anticipated, we did not observe any 
pirect relation between the absolute values of 
>1e actual oxidation-reduction potential in 
jocks and their oxidation-reduction diagenetic 
‘mvironment, as determined from the forms of 
@ron. What is more, even the trend of changes 
)or this potential, vertically and laterally, 
Jails to show a complete coincidence with 
vhanges in the ratios of reactive iron. For 


| A a 
instance, Apsheronian deposits in the Kum- 


Dag and Kamyshldzha areas are marked by 
+mall but consistent lowering in the potential, 
+S compared with the same deposits beyond 


“hese oil areas (Table 6). 


i 


| It should be kept in mind in correlating these 
ligures that the Kara-Dag samples were stored 
es over four years, prior to the analysis, with 
Wnly 2 to 4 months for samples from other 

sireas. Naturally, that may have raised con- 


wccording to our observations, the Apsheronian 
j;amples' potential rose by 50 to 80 millivolts, 
in 5 to 7 months of their storage. Accordingly, 
) lowering of the potential for the oil regions 
jinder study can be regarded as demonstrated. 
‘As has been noted before, no such changes for 
‘he forms of iron have been observed. 

\ The sequence penetrated by test 1, Tashauz, 
sontains intervals with higher (up to +503 mv) 
and depressed (down to -457 my) values of Eh, 
without appreciable changes in the ratio of the 
forms of reactive iron. These and other 


2pigenetic alterations caused by their greater 
3ensitivity to the present oxidation-reduction 
9otential than to the composition of authigenic 
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Table 6 


Oxidation-reduction potential in 
Apsheronian deposits of southwestern 
Turkmenia 


Kamyshldzha 
Kum-Dag 


Izat-Kuli 
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Rustam-Kala 
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BRIEF COMMUNICATIONS 


PRELIMINARY DATA ON THE DISTRIBUTION 
OF MERCURY IN ROCKS OF NORTHERN 
CAUCASUS! 


by 
G.D. Afanas'yev, and N. Kh. Aydin'yan 


Mercury deposits, because of the high 
mobility and volatility of mercury compounds, 
are usually epigenetic. Nevertheless, their 
formation is associated mostly with endo- 
genetic rather than hypergenetic processes. 
Withal, the genetic relation between mercury 
mineralization and magmas, the most prob- 
able source of all epigenetic mineralization, 
is difficult to establish and demonstrate. 


A momentous, although hardly substantiated 
practical corollary [10] is that exploration for 
mercury deposits cannot be guided by any 
particular extrusive rocks; i.e., the petro- 
graphy of a region cannot be an exploration 
criterion, inasmuch as mercury deposits can- 
not be tied to either acid or basic magmas, if 
they can be tied to any magma at all. The 
current petrographic view is that types of 
endogenetic mineralization are not necessarily 
and directly related to an extrusive body, and 
that extrusive rocks and related ores can be 
derivatives of a common magmatic source. 
Extrusive rocks ordinarily form orderly and 
complex associations, often ranging from 
basic to acid and alkalic petrographic types 
related to the evolution of magmatic centers 
periodically originating in the crust and common 
to a given rock series. Mineralizing solu- 
tions may split off the magma, at various 
stages of its evolution. 


Of interest in this connection are the new 
facts brought to light in the study of North 
Caucasian igneous activity, and the preliminary 


! predvaritel' nyye dannyye o rasprostranenii 
rtuti v gornykh porodakh severnogo Kavkaza, (pp. 
101-104) . 
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data on the mercury content in indigenous 
rocks of different ages and origins. 


The geologic history of the North Caucasian © 
folded province is quite complex. From the 
early Paleozoic through the Tertiary its struc~ 
tural zones were repeatedly depressed and up- 
lifted, in connection with the folding and tec- 
tonic movements of adjacent blocks along the 
long-enduring northwesterly to northeasterly 
faults. The history of Caucasian igneous 
activity is just as complex as its structural 
history. 


Mercury deposits have long been known in 
the North Caucasus where they are associated 
with its axial zone, the thrust zone, and certain 
other structural zones (Kyshkyt). 


The mercury content in these rocks was de- 
termined by a chemical method worked out by 
one of the authors [N. Kh. Aydin'yan, 1]. Its 
gist is as follows. A 1 to 2 gm rock sample is 
mixed with 0. 25 gm lead perozide, placed in 
the ball of a Penfield tube, and heated on a 
burner for 4 to 5 min. The free mercury is 
precipitated on the tube walls, while the 
mercury~free rock remains in the ball. The 
latter is then fused off; 1 milliliter of 0. 2% 
iodine solution in 2% potassium iodide is poured 
into the tube and left for 3 to 5 minutes, to dis- 
solve the distilled mercury. The tube content 
is then transferred to a test tube for colori- 
metry, and 0. 6 milliliter of a specially pre- 
pared copper sulfite solution is added to it. 

The resulting HgCulg [1] compound is com- 
pared with the atandevd colorimetric scale. 
The accuracy of this method is +15 to 209%; its 
bpaer secret with a 1 to 2 gm sample, is 1.2 x 


10-6, 


Table 1 lists analytic data for mercury from 
various North Caucasian rocks. They show 
mercury contents peat higher than the 
Clarke number, 7.7 x 107 bo, [10] in the assorte 
Cretaceous extrusive rocks and presumably 
Cretaceous sandstones gravitating toward Uppe1 
Cretaceous eruptive breccias. 


Pliocene and Upper Paleozoic volcanics show 


G.D. AFANAS’YEV AND N.Kh. AYDIN’YAN 


Table 1 


Geologic and | No, of (Fluctuations, 

Rock and localities absolute age, jdeter- n-10-0% 
in million mina- 

years tions 


verage 
content, 


1 Upper Pliocene ignimbrites Up. Pliocene 


SS 


2 Trachytes (bostonites) in the Pshish Up.Creta.=80 
River basin, W. Caucasus 
Same, electromagnetic fraction 
3 Trachytic tuffs and the bulk of Pshish Up.Cretaceou 
River eruptive breccias, W.Caucasus 


Same, electromagnetic fraction a 
4 Subalkalic gabbro rocks along Pshish Cretaceous 
a and Kushinko Rivers, W. Caucasus = 103 
D Quartz porphyries (extrusive granite = 103 
porphyries) along P shish River, W. 
Caucasus uJ 


6 Extrusive "granitic" rocks, Pshish R. - " == 140 
W. Caucasus 

7 The Cherek Khulam porphyrites n = 100 
(trachytes) 

8 Sodium keratophyres, W. Caucasus " 
(Krivenkovskaya) 


9 The Mara River keratophyres as 
40 Eruptive breccia, Kukay R. ,W.Caucasus " 


a RE 


it 
11 Gabbro rocks of Dumal station Ji (?) 
12 Sandstones in the area of eruptive Up. Jurassic ? 
breccias, Pshish R. 
43 Lower Jurassic gabbro rocks, at Ih 


Karachayevsk, on the Kuban 

44 Upper Paleozoic extrusive liparites, Up. Carbon-— 
Malaya Laba River (Kutan) to ns scy = 

= 240 

45 Granites in minor intrus.along Indysh R.] Carbon.=290 

16 Copper pyrites along Laura River ? 

S7 Quartz albitites, Medvezhya Shchel 140 

| (Bear Cleft) 


Fault zones 


Secondary quartzite (sericite), Chegem 


Paleozoic granite at their contact with 
porphyries, Cherek River 

Kaolinized shale from the Gal'ishir R. J? 2 3 5 

fault zone (Teberda), Tonachkhir 


Syenite from the Amachat zone of 
crushing, Chegem River 

Pyritic rocks from the contact of shale ? 1 
with the Main Range crystalline 

schist Chegem River 


Same, electromagnetic fraction 
Paleozoic shale from a zone of crushing ? 
Malaya Laba River 


These figures show that all products of 
Cretaceous magmas have a mercury content 
100 to 200% higher than the standard. The 
highest mercury content, however, is associated 


a standard mercury content. Upper Paleozoic 
granites (intrusions) are somewhat richer in 
mercury, in the zones of fault contact with 
‘Cretaceous porphyries. 
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with subalkalic rocks and trachytes, and also 
with the bulk of eruptive breccias apparently 
related to subvolcanic intrusions. It is only 
natural that volatiles associated with the mag- 
ma of subalkalic and tracytic Upper Cretaceous 
rocks penetrated to some extent into the en- 
closing quartz porphyries and granites, there- 
by raising their mercury content above the 
standard. It should be added that the known 
mercury showings in the Caucasus do not occur 
in rocks younger than Cretaceous (Barremian, 
Hauterivian). 


The tectonic and structural conditions of the 
development of northwestern Caucasian 
mercury showings is similar to that of the 
Pshish and Kushinko eruptive breccias, except 
for the extent of their erosion. 


The data on hand lead to the preliminary con- 
clusion that mercury mineralization is probably 
genetically related to the magma of Upper 
Cretaceous subalkalic gabbro and trachyte 
(absolute age, 90 to 100 million years). This 
probability is strengthened by the higher 
mercury content in rocks constituting the 
cement of eruptive breccias and of subintru- 
sive rocks; i.e. , those accompanying the de- 
velopment of volcanic phenomena. 


The quartz metasomatism which brought 
about the development of secondary quartzites 
in the Chegem River fault zone affecting 
Upper Paleozoic red sandstones and conglo- 
merates appears to be of the same age. 


It follows from what has been said that, 
granted the favorable conditions of develop- 
ment of structures, igneous activity, and 
hydrothermal processes, facts may be brought 
to light, indicating the genetic relation of 
mercury mineralization to a definite igneous 
complex, with a body of Upper Cretaceous 
subalkalic gabbro rocks and trachytes, in the 
North Caucasus. 


These preliminary data on the distribution 
of mercury in North Caucasian rocks suggest 
a metallogenic differentiation of the North 
Caucasian Upper Cretaceous magmas. The 
specific features of West Caucasian geologic 
development, instrumental in determining the 
specific features of its mercury distribution, 
were determined from a study of the petro- 
graphic diversity of these rocks and of the 
nature of the igneous activity, with age differ - 
ences taken into account. The petrographic 
study of the West Caucasus has led to new con- 
cepts, quite different from the old ones, on the 
development of igneous activity in that part of 
the Caucasus. In the light of data obtained on 
the probable relation of mercury mineralization 
to Upper Cretaceous igneous activity, in the 
North Caucasus, it is of particular interest that 
most deposits of the Circumpacific ring and the 
Eurasian belt are supposed to be of Alpine age 
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[11]. A more accurate dating of the known 
mercury deposits is necessary, with considere ; 
tion given to the fact that their carrier geologic 
structures usually contain contemporaneous 
upper Mesozoic subalkalic rocks (gabbro, 
reshenite) and alkalic intrusions. 


Such studies may bring to light the overall 
development pattern of mercury mineralization. 
thereby assisting in working out the scientific 
principles of exploration for this valuable metai: 


More specifically, it is possible that the 
Idria [12] and other major cinnabar deposits, 
as well as mercury showings described from 
the Crimea by V. A. Mel'nikov and G. A. 
Bulkin [8], are similar in their genetic rela- 
tions to specific rock complexes, to the North 
Caucasian mercury mineralization. 


The absolute age of rocks was determined at 
the laboratory of the Institute of Geology of 
Mineral Deposits, Petrography, Mineralogy, 
and Geochemistry, Academy of Sciences, 

WSs ks 
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ON THE POSSIBLE PRESENCE OF 
SALT -BEARING DEPOSITS IN THE KROSNO 
ZONE OF THE CARPATHIANS? 


by 
B. T. Golev 


The extraordinary development of highly 
mineralized saline waters in the flysch pro- 
vince of the Carpathians, where no saliferous 
deposits have been mapped, is still an object 
of wonder to students of the Carpathaians. In 
the absence of deep drilling data, there is a 
variety of opinions on the origin of these 
waters. 


The nature of salt waters in the Skib, outer 
anticlinal, zone is now quite clear. The scaly 
structure of that zone, with its considerable 
thrusts, suggested to K. Tolvinskiy, as early 
as 1932 [12], the presence of saliferous de- 
posits of the Carpathian foredeep, underneath 
the Skib Carpathians. He believed that these 
deposits extended southwest, as far as the 
Krosno zone; i.e., over a distance of 30 to 40 
km. He based his conclusions on the study of 
the tectonics as well as on drilling data in the 
Bitkovo oil field area where saliferous deposits 
had been penetrated under the flysch thrust [9]. 
Recently the same deposits were observed 
there in a tectonic window [2]. Thus, saliferous 
deposits of the Vorotyshchensk series have been 
found underneath the Skib zone thrust, at 12 to 
15 km away from its northern edge. This ex- 
plains the presence of salt water in the Skib 
zone flysch, in the south as well as in the north. 


The assumption of a continuation of these 
saliferous deposits underneath the Krosno zone 
flysch (the central synclinal zone) runs into 
greater difficulties. As noted by K. Tolvinskiy 
[12], the base of the Krosno zone is older and 
stronger than that of the Skib zone, hence the 
lack of the scales, here. K. Tolvinskiy as- 
cribes the gentler folding of the Krosno zone to 
the lack of saliferous deposits, at its base. 

The presence of the latter under the Krosno 
flysch is hardly probable from the paleogeo- 
graphic point of view, as well. Should the 
Vorotyshchensk series’ continue even as far as 


20 vozmozhnom prisytstvii solenosnykh otlozheniy 
v Krosnenskoy zone karpat, (pp. 105-110). 

3The Vorotyshchensk series of the Carpathian 
foredeep is divided into three formations: lower 
Vorotyshchensk, Zagorsk (middle Vorotyshchensk), 
and upper Vorotyshchensk. The first is made up of 
saliferous gray shale with sandstone lentils; the 
second of conglomerate, sandstone, and shale, and 
the third, of brecciated saliferous areno-argillaceous 
rocks, 
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the Magura thrust (northeastern limb of the 
inner anticlinal zone) there would be no room 
left for the Skib and Krosno basins. A study 
of the Paleogene flysch distribution and of its 
physical and granulometric composition indi- 
cates the presence of a major source area 
southwest of the Krosno basin. According to 
O.S. Vyalov [1] it was a cordillera separating 
the Krosno and Magura zones, at the time of 
flysch deposition. For this reason, the pre- 
sence of Vorotyshchensk saliferous deposits 
of the Carpathian foredeep as far as the south- 
western boundary of the Krosno zone, would 
imply a major nappe of folds and scales of the 
Krosno and Skib zones, with the nappe roots 
located somewhere in the south, beyond the 
present -day Carpathians. 


To agree with that is to go back to the 
abandoned classic theory of a nappe structure 
of the Carpathians. 


S.I. Subbotin [6] has done much to clarify 
the question of the distribution of saliferous de- 
posits in this trough. From his analysis of 
the gravitational field, he notes that "the inner 
downwarped zone coincides with the central 
belt of a regional gravity anomaly. This belt is 
complicated by a local, narrow and elongate 
minimum whose axis coincides with the front 
line of the Skib Carpathians over a long 
distance from Dobromil to the Bitkovo area. 
Farther southeast, this axis passes over to the 
Skib Carpathians zone, while the Mt. Losova in 
the village area takes in the marginal part of 
the Majura zone, and probably the Krosno zone 
buried under it". S.I. Subbotin further states 
that the extended, linear gravity minimum is 
brought about by a mass deficiency due to the 
lighter saliferous deposits of the Vorotyshchensk 
series which would mean their extension far 
under the Carpathians. According to that 
author, the magnitude of the flysch thrust over 
the Precarpathian Miocene is 8 to 10 km be- 
tween the Stryy and Bitkovo; 10 to 12 km in the 
Bitkovo-Delyatin area; over 30 km for the 
Kosoyv-Kuty area; and up to 35 to 40 km in the 
Krasnoputny area. Accordingly, S.I. Subbotin 
draws the conclusion that the southwestern 
limb of the trough possibly extends under the 
Krosno zone and partly under the Magura zone 
overlying it. 


Because of what has been said above, we can- 
not agree with this conclusion. The extension 
of the gravity anomaly axis southeast of 
Vorokhta, over the Krosno and then the Magura 
zone, can be just as well explained by the pre- 
sence of independent saliferous deposits de- 
veloped in the Krosno basin itself, instead of 
regarding it as a continuation of the Carpathian 
foredeep Vorotyshchensk deposits, under the 
Carpathian flysch. We believe that there are 
saliferous deposits in north Bukovina, not under 
the Krosno flysch, however, but rather under 
the Magura thrust, where they maintain their 
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normal stratigraphic section above the upper 
Krosno interval. This hypothesis readily ex- , 
plains the conditions of formation of saline 
springs in the Magura and Krosno zones. 


Our study of the distribution of saline waters 
carried out in cooperation with G. A. Goleva, a. 
well as of their chemical and gas composition, , 
has led to interesting results. Waters of thre= 
types occur in the Krosno and Magura zones 
(Figure 1): 1) carbonate and sodium-chloride, , 
saturated with thermometamorphic carbon di- 
oxide; mineralization up to 14 gm/liter (springs 
at Sol, Verkhniy Bystryy, Ust-Cherna, Kvasy 
villages); 2) methane sodium chloride brines 
with a mineralization up to 150 gm/1 (borehole : 
at Sergiye village; also springs at Dikhtinets 
and Selyatin villages, with a low mineralization 
of 0. 8 to 1.0 gm/1 caused by ground water in- 
tensively diluting the brines); 3) carbonate- 
nitrogen-sodium chloride waters with bio- 
chemically generated carbon dioxide; minerali- 
zation, 35 to 105 gm/1. (the Goloshino, 
Popytnik, Solontsivka, and Ust-Cherna springs. 
Waters of Type 3 are the most like the forma-~ 
tion waters of the saliferous deposits, as 
witness their chlorine-bromine indexes: 6384 
at Goloshino, 3118 at Solontsivka(Sarata), and 
9419 at Ust-Cherna. 


About as high are the fluctuation ranges for 
chlorine-bromine indexes of saline waters 
from saliferous deposits of the Carpathian fore 
deep. For instance, in Kalush the index is 
1372; at the village of Moroshin (spring 1), 

741; at Truskavets (spring 10), 2390; at 
Bolekhovo (shaft 1), 2250; and at the village of 
Krasnoil'skoye (well), 7595. 


Unlike the saline waters of Type 3, those of 
Type 2 (methane) are characterized by chlorine 
bromine indexes typical of oil field waters. 
These indexes fluctuate from 280 to 302. The 
second type waters are genetically related to 
petroleum accumulations in the Sergiye- 
Dikhtinets~-Selyatin area, being associated with 
that part of the Krosno zone northeast of the 
Magura thrust. Carbonate sodium chloride 
waters (Type 1) occur in both the Magura and 
Krosno zones. Formed under the Magura 
thrust, they are enriched, on their way, by 
carbon dioxide generated by the younger in- 
trusions. 


Both the Cretaceous and Paleogene Carpathia 
flysch sections are known to be barren of 
saliferous deposits. At the same time, the 


ee Zhilovskiy recently voiced the possibility 
of Magura zone saline waters being associated with 
saliferous Permian or Triassic rocks presumably 
occurring below the Paleogene flysch. The basis 
of his assumption is the presence of saliferous de- 
posits in the Triassic of the eastern Alps and of the 
Balkans, 
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FIGURE 1. 
Tectonic zones of the Carpathians: 


trough; VI - solotvino trough. Springs: 


‘resence of saline waters in the Krosno and 
Magura zones, with a chlorine-bromine index 
ypical of saliferous deposits, suggests the 
iresence of the latter. In our opinion, the 
<rosno flysch basin did not cease to exist at the 
lose of the Oligocene but continued into Early 
Miocene (Aquitanian) time. By that time, the 
<rosno sea was a vanishing residual basin, the 
site of salt deposition. As the result of a gen- 
*xal Carpathian uplift at the beginning of the 
Vliocene, the southwestern part of the Skib 

tone already stood above sea level, and the 
lortheastern part of the Krosno zone with it. 
Jowever, a shallow basin persisted in the 
southwest of the Krosno zone, with saliferous 
ind gypsiferous clays and occasional sandstone 
eds deposits there. The lower Vorotyshchensk 
Ormation, apparently Aquitanian in age was 
leposited simultaneously in the northern trough. 
According to N.I. Maslakova [4] and N.I. 
subbotina and L.S. Pishvanova [7], the under- 
ying Polyanitskaya (Kosmach) formation is 
Jpper Oligocene. There is no unity of 
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| - Krosno; 
crystalline massif; IV - Vygorlat-Gutin volcanic ridge; V - Chop-Mukachevo 
| - carbonate and sodium chloride, 
with metamorphic carbon dioxide; 2 - methane and sodium chloride; 3 - carbon- 
ate - nitrogen sodium chloride with biochemically generated carbon dioxide 


Distribution of chloride springs in the Krosno and Magura zones 


Il - Magura; II1 - Rakhov 


paleontologic opinion on the age of the lower 
Vorotyshchensk formation; it is either Lower 
Miocene [5] or Upper Oligocene [7]. To be 
sure, the advocates of the latter view admit 
that the Kosmach and lower Vorotyshchensk 
foraminifera are not adequately known for 
positive dating. 


A reason for assigning the lower Vorotysh- 
chensk formation to the Aquitanian is lent by 
the age of the overlying Slobodsk conglomerate. 
V. V. Glushko [3] correlates this conglo- 
merate with the Romanian Brebu conglomerate 
and believes them to be Bourdigalian. He also 
notes that the position of the Slobodsk con- 
glomerate, with a sharp angular unconformity 
over the Paleogene, suggests that the most 
potent folding phase was pre-Bourdigalian. 


The persistence of the north Carpathian 
sedimentation into the Miocene was affirmed by 
earlier investigators. J. Novak [11] and K. 
Tolvinskiy [13] believed that the ''saliferous" 
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formation had participated in the building of 
Carpathian folds. N. Chernyak [8] notes that 
the flysch regimen of the Carpathian geosyn- 
cline does not cease with the Paleogene but took 
in a stretch of the Miocene. We believe that 
this Miocene part was the time of deposition 
for the lower Vorotyshchensk formation and its 
correlative sediments in the southwestern part 
of the Krosno zone, while the deposition of the 
Slobodsk conglomerate marked a new stage in 
the evolution of the Carpathian geosynclinal 
province. It meant the end of the flysch forma- 
tion within the present-day Carpthaians and the 
beginning of molasse deposition in the interior 
zone of the Carpathian foredeep. 


The possibility of an accumulation of 
saliferous deposits in the Krosno zone is cor- 
roborated by an incipient salting up of that 
basin, as early as late Krosno time. I. 
Hempel [10] noted the presence of saliferous 
clays in upper intervals of upper Krosno de- 
posits, in the Sanok-Bzhozov area. The age of 
these clays was not determined, although it 
was supposed that they might be Lower Mio- 
cene. In the southeast of the Soviet Carpathians, 
members of the Moscow Geologic Exploration 
Institute Carpathian Expedition [4] also noted 
the presence of cypsum in upper Krosno clays. 


The question arises, where are these Krosno 
saliferous deposits now, inasmuch as they have 
not yet been found at the surface? We believe 
that they are present in the southwestern part 
of the Krosno zone, buried under the Magura 
thrust. From mapping data, the amount of the 
thrust has been fixed as 8 to 10 km; drilling 
data may fix it at no less than 20 km, as sug- 
gested by saline springs distributed more or 
less regularly along a northwesterly trend, 

15 to 20 km southeast of the margin of the 
Magura thrust. Here are situated the Solont- 
sivka, Kvasy, and Popytnik springs associated 
with Cretaceous flysch of the Magura zone. 
Having originated in the Krosno saliferous de- 
posits, underneath the Magura zone, these 
waters rise to the surface, along fractures, 
and become associated with Cretaceous and 
Paleogene flysch of the Magura zone. Some of 
the springs are located at the Magura-Krosno 
contact. Most likely, their waters migrated 
here from the southwest, along transverse 
faults. A similar migration is possible also 
fartheron to the northeast, as far as the Skib 
zone. 


The association of saliferous deposits with 
the southwestern, underthrust part of the 
Krosno zone is explained by the tectonic re- 
gimen prevailing in the northeastern belt of 
the Carpathian geosyncline, from the close of 
the Oligocene to the Sourdigalian. In the Late 
Oligocene, the single Skib-Krosno basin con- 
tained a shallow sea with two principal sources 
of sediments. The so-called Paleozoic 
Sandomir -Dobrudja swell stood high in the 
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northeast, roughly along the present boundary — 
between the inner and outer zones of the ' 
Carpathian foredeep; in the southwest, as 

noted before, there was a cordillera, apparenti! 
also Paleozoic. During the late Krosno and 
Polyanitsa deposition, the general subsidence ct 
the basin was complicated by local uplifts. The 
exposed not only the Oligocene but the underlyir 
Eocene deposits, as well, as witness the thick 
conglomerates with redeposited Eocene nummu~ 
lites, developed in the north of the Bukovin- 

ian Carpathians. 


The Aquitanian brought along a radical chang) 
in the tectonic regimen of the Carpathian geo- 
syncline. The long Cretaceous — Lower 
Tertiary subsidence of the Skib flysch basin 
ceased. Instead there began an uplift in the 
central and southwestern parts of the Skib 
flysch zone and in the northeast of the Krosno 
zone. It was accompanied by a subsidence in 
the northern and southern cordilleras; by the 
initiation of the Carpathian foredeep, in the 
northeast; and a subsidence of the marginal 
part of the Krosno basin, in the southwest. 


The interior zone of the Carpathian foredeep 
and the northernmost reaches of the Skbi zone 
were the loci of deposition of lower. Vorotysh- 
chensk saliferous beds. Similar sediments 
were formed in the shallower residual basin of 
the southwestern Krosno zone. The presence 
of that basin in early Vorotyshchensk time is 
explained by the subsidence of the southern 
cordillera on the background of a general 
Carpathian uplift. The slow sinking of that 
cordillera involved the southwestern part of 
the Krosno basin. The difference in the rate 
of sinking for the two cordilleras should be 
noted. The Sandomir-Dobrudja swell in the 
northeast of the Carpathian foredeep was sink- 
ing much faster than the southwestern cordilleré 
The latter was slowed down by the general Car- 
pathian uplift, with a center in the Markarosh 
crystalline massif, not far away. The more 
rapid sinking of the Carpathian foredeep and 
the northeastern cordillera, relative to the 
southwestern, led to a change in the direction 
of oscillatory movements, from vertical to 
steeply oblique to the northeast. It was these 
movements that brought about the asymmetric 
anticlinal folds with gentle southwestern limbs 
and steep, often recumbent, northeastern 
limbs. The same stresses changed these folds 
to "skibs", the tectonic scales which are the 
most typical feature of the Skib Carpathian zone 


The formation of the Krosno salt-bearing 
basin ended most likely at the close of early 
Vorotyshchensk time (Aquitanian) and was 
followed by the most intensive Mesozoic folding 
stage in the Carpathians. Associated with that 
stage are the largest faults, and the thrusts 
responsible for the skib aspect of the Car- 
pathian structure. The sunken southwestern 
cordillera provided a prop for the Magura 


jrust over the Krosno zone. It is probably 

‘is thrust that buries those saliferous deposits 
}eding the saline waters now distributed in 

pth the Magura and Krosno zones. 


*liferous deposits in the southwestern part of 
#¢ Krosno zone will be obtained only from 
Willing, which should be done here to test the 
fderthrust structures for oil and gas. 
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PALEOZOIC MALIGNITES FROM THE 
JUNCTION ZONE OF THE AZOV REGION 
AND DONBAS?® 


by 
I.D. Tsarovskiy 


The recent discovery of malignite, a rare 
nepheline rock, in an area as well known petro- 
graphically as is the Azov region (studied by 
I. Morozevich, V.I. Luchitskiy, P.I. Lebedev, 
B. M. Kupletskiy, and others) warrants a 
description. This rock is particularly inter - 
esting because it is genetically related either 
to the melteigite-ijolite series or to shonkinite- 
nepheline syenite. 


This new nepheline rock from the AzZov- 
Donbas areas junction zone is associated with 
the Yelanchik horst which is a ledge of the 
Precambrian basement deeply penetrating the 
Paleozoic rock area. A group of exposures along 
the Gruzskiy Yelanchik River, for 20 km be- 
tween Pokrovo-Kireyevskoye and Kuznetsovo- 
Mikhaylovskoye villages, gives an idea of the 
composition of the crystalline basement rocks, 
as do the rocks exposed in Kamenka Ravine on 
the right bank of the Gruzskiy Yelanchik. 


5 Paleozoyskiye malin'ity zony sochleneniya 
Priazov'ya s Donbassom, (pp. 110-114). 
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This affords an insight into the structure of 
the Yelanchik horst basement. It consists of 
gray to pink Precambrian gneiss-migmatite 
rocks and of comparatively younger (pre- 
sumably Proterozoic) alkaline earth granite- 
syenite which trend submeridionally, parallel 
to the Gruzskiy Yelanchik; the open end of this 
massif is toward the Donbas and is buried 


under Tertiary and Paleozoic sedimentary rocks. 


The deformed margin of the Azov-Donbas 
junction zone presents a system of faults trend- 
ing mostly parallel to the folding, but locally 
crossing it (A.P. Sklyar, A.P. Rotay, M. L. 
Levenstein, and others). These vertical and 
lateral faults are reflected in the exposed part 
of the crystalline basement in (the northern 
part of the Azov region) and outline the south- 
ern structural framework of the Donbas fold- 
ing. The centers of Hercinian volcanism here 
are arranged linearly, associated with in- 
dividual blocks displacements along the north- 
westerly and sublatitudinally trending faults. 


The alkalic dikes, quartz aegirine por- 
phyries as well as monchikites and camptonites 
(discovered by I. Morozevich, show the same 
trend and are traceable in a sublatitudinal 
belt which crosses the base of the Yelanchik 
horst. Somewhat to the north of that belt, I. 
Morozevich reported his finding of nepheline 
porphyry (northern outskirt of Grechnino 
village), a finding not confirmed by subsequent 
studies, probably because of the changing 
culture. 


The malignite outcrops are associated with 
an exposure considerably to the north of 
Grechino, being located right in the south out - 
skirts of Pokrovo-Kireyevskoye. After the 
ground was cleared up, it appeared that the 
malignites in this squat outcrop were only a 
dike segment, not over 25 x 45 m. However, 
field work by the Azov Expedition traced it 
west and as far north as the outskirts of 
Pokrovo-Kireyevskoye. Farther on, there lies 
a depressed crystalline basement block with 
buried Paleozoic sedimentary rocks, and there 
are no malignite outcrops to the north. The 
malignites are associated areally-(and apparent - 
ly genetically) with Paleozoic volcanism. A 
field of volcanic rocks, inadequately studied as 
yet (basalts, porphyrites, and augite pyro- 
xenite) is developed in the western outskirts of 
Pokrovo-Kireyevskoye and northwest of there, 
among the displaced Precambrian basement 
blocks. The malignites are associated with 
the southeastern margin of that field where 
they form a large body about one km wide, ex- 
tending submeridionally for over 3 km, veering 
to the west, which suggests their association 
with an annular fault. 


Macroscopically, the main outcrop malig- 
nites are coarse-grained, dark to almost black 
rocks with conspicuous large tablets of feldspar. 
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Their slightly weathered surfaces show smal! 
and regular depressions, identified micro- 
scopically as the results of nepheline disinte¢: 
tion. Externally these rocks are somewhat 
reminiscent of gabbros with a dark mineral ce 
tent up to 50%. Plagioclase twinning in the 
feldspar tablets is imperceptible to the naked 
eye. 


The following composition has been deter- ° 
mined with the microscope: pyroxene, potassii) 
feldspar, nepheline, lepidomelane, and amphi | 
bole. Sphene, apatite, fluorite, and titano- 
magnetite are common among the accessory 
minerals. In addition, natrolite is present 
locally (on nepheline). Idiomorphic bodies of © 
augite (2V = +54°; c:y = 43°), usually free of 
foreign mineral growths, stand out in the 
groundmass. These are characterized by a 
corrosive growth of aegirine-augite and 
aegirine. The nepheline distribution in the 
groundmass is comparatively uniform, usually 
poikolitic, which lends the rock a nephelite 
aspect. The coarse potassium feldspar inclu- 
sions, visible with the naked eye, are in fact 
mesostasic, as if cementing the groundmass 
minerals. 


Their chemical composition, determined 
from two samples (author's collection, 1948 ar 
1951) reveals certain features of rocks termed) 
malignite. 


The high content of iron, magnesium, and 
calcium is combined with that of alkalies 
(more sodium than potassium) and a low 
silica content, an indication of the basic naturs 
of these rocks. Their aluminum content is 
somewhat higher than in malignites from other 
deposits. A distinctive feature of the Gruzskiy 
Yelanchik River rocks is their high titanium 
content (TiO9 = 2. 50) which is also typical of 
augite pyroxenite (TiO = 4. 38) occurring 
alongside the malignite. 


A quantitative determination of minerals 
with the ISA integration table, from 12 sections 
came out with but comparatively slight dis- 
crepancies. The results, plotted on the N. A. 
Yeliseyev ternary diagram, dark minerals — 
feldspars — nepheline all fell in the lower left 
corner of the malignite field (filled circles in 
diagram). For comparison, the results of 
quantitative determinations, by other authors 
[1-4, 6], of minerals in rocks from certain 
other alkalic provinces, are plotted alongside. 


The nepheline rock from the Azov-Donbas 
junction zone is the most typical malignite 
described from the Soviet Union. Other 
malignites in the literature are either malignit 
ijolites, such as those in the Khibins and at 
Tur'yev Point (feldspathic syenite, according 
to D.S. Belyankin) or are more like melano- 
cratic syenites with a low nepheline content 
(Yllymakh Massif, Aldan). In their alkali 
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Chemical composition of the Pokrovo ~Kireyevskoye malignites 


TiO, Al,O, Fe,0, FeO MnO | MgO | CaO 
77 
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Diagram of quantitative composition of minerals in the 
Pokrovo-Kireyevskoye malignites, the Azov region 
(filled circles) and other alkalic provinces 
unfilled circles 

Filled circles within circles, - malignite from Canada (Maligne 

R.); unfilled circles within circles - foyalites. Boundaries of 

the malignite field are marked with cross-hatching. 
mtent (sodium in ascendence over potassium), The following alkalic series seems to be 
ese malignites differ sharply from those present in the Azov-Donbas junction zone: 
sociated with leucite rocks (Talas Alatau). alkalic basalt rocks — malignites — tinguaites 
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(nepheline syenites?) — aegirine porphyries. 
The missing link in this chain is a type of 
nepheline syenite (or some other nepheline 
rock).® 


6 after this article had gone to press, the author 
determined additional pyroxene euvites for the 
Pokrovo-Kireyevskoye massif, with the following 
composition: SiOg, 50.40; TiOg, 1.26; AlgOs, 
20.71; FegO3, 2.70; FeO, 2.44, MnO, 0.23; MgO, 
1.93; CaO, 2.94; Na9O, 7. 85; 0, 7.65; PoOs, 
0.15; SO3, 0.14; CO, 0.21; F, 0.07; Cll 0.05: 
H,O*, 0.09; H,O-, { 54; total, 100.35 — 0.03 = 
100.32. The following rock-forming mineral content 
was determined for this rock, on the basis of 
quantitative determination (in volume %): nepheline, 
40.0; potassium feldspar, 39.0; aegirine, 16.0; 
sphene, 0.5; and the secondary on nepheline and 
potassium feldspar, 4.5. 

Thus the following series were determined 
directly for the Pokrovo-Kireyevskoye massif: 
pyroxenites — malignites — pyroxenite euvites, 
closely corresponding to the Alno massif malignite- 
euvite series (see G. Eckermann's work). The 
melteigite-ijolite series associated with it at Alno, 
remains unknown from the Pokrovo-Kyreyevskiy 
massif. The shonkinites and monzonite porphyries 
described recently from the Donbas folded province 
by N.V. Buturlinov (Trudy Donetskogo Industr. 
Inst., vol. 37, 1959) are contemporaneous to the 
Pokrovo-Kireyevskoye alkalic rocks and constitute 
an apparently independent series of subalkalic rocks 
parallel to the malignite-euvites. 


of 
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t OBSERVATIONS REGARDING THE ORIGIN 

i OF THE CHARNOCKITES IN THE 

SOUTHERN YENISEY MOUNTAIN 
RANGE?! 


by 


T. Y. Kornev 


*) Charnockites are comparatively common in 
21e southern part of the Yenisey Range; they are 
ittributed to the gneisses of the Kansk Series 
wf Archean Age, in spite of being entirely con- 
».ned to the granulite facies. They tend to be 
jonformable with, and are often interbedded 
With garnet, pyroxene, cordierite, sillimanite 
(xr other mineral bearing paragneisses with 
Ovyhich they exhibit continuous intergradation; 

ja places they are found as inclusions of small 
reign bodies cutting across the general struc- 
fire of the surrounding formations. 


In addition, charnockites are present along 
ie contact zones of noritic gabrro masses with 
hich they also exhibit a continuous inter- 
)radation. 


| Two different theories concerning the origin 
f these charnockites were put forward by U. A. 
“tuznetzov and by L.F. Aynberg. According to 
<uznetov [3] the charnockites are formed by a 
/alingenetic process resulting from the ultra- 

‘etamorphism of the primary formations. He 
Yorrelates the charnockites with the garnet or 

lypersthene granites and the norites, anortho- 
‘ites and pyroxenites, he believes to be inter- 
elated through a continuous transition. L.F. 
i‘ynberg considers charnockite to be a meta- 
Fomatic rock, originating entirely as a result 
»f granitization of gabbro, gabbronorite and 


ther basal formations. 


_ Using the charnockites of the southern 
Venisey Range as an example, L. F. Aynberg 
juggested a general reconsideration of their 
prigin. 


1K genezisu charnokitov yuzhnoy chasti Yenisey- 
ikogo kryazha, (pp. 115-116). 
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REVIEWS AND DISCUSSIONS 


Our studies (carried out from 1955 to 1960) 
have brought to light the one-sidedness of these 
two theories (particularly that of L.F. Aynberg) 
and have actually proved the existence of the 
charnockites (charnockite series) and hyper- 
sthene diorite, granodiorite and granite (gneiss- 
es), which are hybrid formations resulting from 
the assimilation of gabbro-type magma, contain- 
ing a high percentage of acidic material, as well 
as being related to the contact zones of gabbro- 
noritic masses. Such formations as norites 
anorthosites and pyroxenties, which were placed 
by Yu. A. Kuznetzov [3] in the charnockite 
series, according to our findings, are actually 
metamorphic rocks derived from basaltic mag- 
mas (gabbro, pyroxene, dunite series of Yu. A. 
Kuznetzov). 


Essentially the charnockites, garnetiferous 
and hypersthene-bearing "granites", “grano- 
diorites"’ and "diorites"'", pyroxene gneisses and 
other related formations represent heterogeneous 
metamorphic deposits formed from primary 
sedimentary as well as primary igneous forma- 
tions. They originated during the process of 
regional metamorphism as shown by their rela- 
tion to the granulites, in plutometamorphic 
conditions and by metasometic processes at 
high temperatures and pressures. ‘The latter 
conclusion is supported by the massive texture 
of the charnockites and surrounding formations. 
In these conditions, stress participation played 
only a limited part. 


The formation of charnockites by replace- 
ment of primary sedimentary rocks is proved 
from their transition into and by their inter - 
bedding with typical paraschists, their affinity 
in mineralogic and chemical composition (see 
diagram) and by the remnants of stratification. 


In addition, the charnockites are commonly 
observed in the form of pegmatoid emanations 
and small veins (1 to 2 m wide), cutting across 
the general trend of the paragneisses, which 
points to localized melting and partial displace- 
ment of the "magmatic" mass, and supports the 
conclusions of Yu. A. Kuznetzov. Most of these 
formations are found in the place of primary 
deposition, therefore there are no reasons for 
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assuming them to be magmatic deposits; they 
can be classified as typical paraschists. 


Nevertheless, the formation of charnockites 
took place partly at the expense of the gabbros. 
The study of slides definitely shows that ''char- 
nockitization" of the gabbros was accompanied 
by the replacement of primary plagioclase by 
potassium feldspars, introduction of quartz and 
resorption of pyroxenes. From gabbro-norites 
to hypersthene granite (gneisses) there is a 
decline in the amount of plagioclase as well as 
pyroxene and an increase in potassium feldspars 
(microcline and orthoclase) and quartz. The 
plagioclase component is lowered to that of 
oligoclase, clinoenstatite disappears while 
hypersthene is preserved all along in the 
granites; garnet and zircon appear as the 
newly formed minerals. 


The mineralogic data and the chemical 
analysis show that the transformation (graniti- 
zation) of gabbros into charnockites was ac- 
companied by the loss of calcium, magnesium 
and iron, and by an increase in silicon, sodium 
and potassium as well as oversaturation in 
Al 903 which behaved as an inert component 
during this process. 


In the charnockites which grew at the ex- 
pense of the gabbros, are the relics of primary- 
magmatic textures and a more pronounced 
change in composition; they generally are rela- 
ted with and grade into gabbro-norite bodies, 
(see diagram), in places totally replacing them. 


We have observed in a number of places a 
fine alternation of charnockite and paragneiss, 
the former occasionally exhibiting a poorly pre- 
served blastophitic texture, which denotes 
partial formation of the charnockites at the ex- 
pense of the spilite-diabase formations. 


The attempt of L. F. Aynberg to prove the 
charnockites to be contemporaneous with the 
Taraksk granite finds no support. The char- 
nockites are characterized by a pre-granite 
association of minerals, typical of granulite 
facies. The Taraksk granite cuts across and is 
the cause of metamorphism of the charnockite, 
the latter showing a regressive in stages of 
metamorphism and an association of the min- 
erals of the metamorphic amphibolite facies. 


L. F. Aynberg mistakenly assumes that for- 
mations which include the charnockites are 
granitized and consequently attributes them to 
the charnockite series. 


Numerous geological surveys carried out by 
us point to their primary sedimentary origin. 
They exhibit interbedding which can be traced 
for considerable distances and contain quartzites 
as well as cordierite and sillimanite-bearing 
paraschist. 
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FIGURE. 
the formations. 


Diagram of chemical composition of 
(From P. Niggli) 


1 - Field of distribution of paragneisses and 
paraschists; 2 - field of distribution of 
gabbro-norites, norites, pyroxenites and 
gabbro-anorthosite; 3 - charnockites. 


In this manner, various strata served as the : 
material, through the metamorphism of which 
the charnockites were formed; therefore they 
are to be classified as metamorphic formations. : 
They are more developed in areas of intense 
regional metamorphism that was accompanied 
by granitization (according to D.C. Korjinsky 
and Yu. A. Kuznetsov [2, 4]). 


In some areas one can observe a distinct 
transformation through granitization into mag- 
matic formations, as the culmination stage in 
the development of this process. Selective 
fusion encroached on separate limited areas, 
starting first with the material rich in acid 
content as the one more susceptible to melting 
and possessing higher mobility during granitiza- 
tion, which explains the considerable acid con- 
tent of the charnockites that cut across the struc 
tural trend. The resultant magma was poor in 
volatile matter and possessed a temperature 
little different from the surrounding strata. Its’ 
viscosity was high and a uniformity of composi- 
tion, as in granitized formations, was never 
reached. Therefore, abrupt fluctuation in 
quantitative mineral composition is to be ob- 
served together with the qualitative consistency. 
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